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MSM6926 
MSM6946 
MSM6927 


Single Chip FSK 
Modem, 300 bps 
Full Duplex 


Single Chip FSK 
Modem, 300 bps 
Full Duplex 


Single Chip FSK 
Modem, 1200 bps 
Half Duplex 


Single Chip FSK 
Modem, 1200 bps 
Half Duplex 





-CCITT V. 21 
- Modulator, Demodula- 


tor, Filters and Carrier 
Detect 


- Bell 103 
- Modulator, Demodula- 


tor, Filter and Carrier 
Detect 


- CCITT V. 23 
- Modulator, Demodula- 


tor, Filters and Carrier 
Detect 


- Bell 202 
- Modulator, Demodula- 


tor, Filters and Carrier 
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28 Pin DIP 
44 Pin FLAT 


28 Pin DIP 
44 Pin FLAT 


28 Pin DIP 
44 Pin FLAT 


28 Pin DIP 
44 Pin FLAT 


CMOS 


CMOS 
CMOS 


- POS terminal 
- CAT system 
- Handy data 


terminal 


- Modem phone 
- Tele-writing 


system 


- Vending ma- 


chine 


- Tele-meter 


system 


- Coin telephone 


Detect 








CMOS 
18 Pin DIP CMOS 
24 Pin FLAT 


CMOS 
CMOS 


42 Pin DIP 
5 60 Pin FLAT | CMOS 


MSM6947 
Single Chip MSK 
Modem, 1200 bps 
MSM6948 


1200 bps Full 
Duplex Modem 
CHIP SET 
CHIP SET 


MSM6928- 
06 


MSM61057 


- Wireless com - 
munication 

- Cordless tele-. 
phone | 

- Pager 


- Modulator, Demodula- 
tor, Filters and Digital 


PLL 
- Carrier Frequency: 
1500+300 Hz 


- Bell 212A 

- Hayes Compatible 

- Adaptive Equalizing 
Function 


MSM6928-06 


kK 

b [ msMei057 | 
= [Msmeocst | 
3 [swa7cea 


- CCITT V. 22 bis 
Bell 212A 

- Adaptive Equalizing 

Function 


 [wsmeazeo7 
3 Twsmeaso 
= [ MsM61077 
& [swis0cs1 96/99 


- Demodulator 

- Carrier PL, Timing 
PLL 

- Adaptive EQL 

- Carrier Detect 


Ea 
on 








- Stand alone 
modem 
- Modem card 




















2400 bps Full 
Duplex Modem 


- Stand alone 
modem * 
- Modem card 
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DSP for OKI's 
1200 bps FDX 
Modem Chip Set 


OKI'‘s 1200 bps 
FDX Modem 
Chip Set 






+5.0 






- Asynchronous/Syn- 
chronous and Syn- 
chronous/Asynchronous 
Converters 


- Demodulator 
- Adaptive EQL 


Gate Array for 
OKI's 1200 bps 
FDX Modem 
Chip Set 


DSP for OKI’s 
MSN6928- | 2400 bps FDX 
Modem Chip Set 


Gate Array for 
OKI's 2400 bps 

MSM61077 | FDX Modem 
Chip Set 


+5.0 





40 Pin DIP 
60 Pin FLAT | CMOS 


42 Pin DIP 
60 Pin FLAT | CMOS 


60 Pin FLAT | CMOS 


OKI’s 2400 bps 
FDX Modem 
Chip Set 






+5.0. 





- Asynchronous/Syn- 
chronous and Syn- 
chronous/Asynchro- 
nous connecters 


+5.0 


-PLL 
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| MSM6052- 
05 


MSM6052- 
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Package 


Applications 















-V.22 modem 
-V.22 bis modem 
- Bell 212A 
modem 


- Analog Functions for 
CCITT V.22, V.22 bis 
and Bell 212A 

-8-bit D/A and A/D 







Analog Front End 
for 1200 bps/2400 
bps FDX Modem 








42 Pin DIP 


56 Pin FLAT |CMOS 



















Converter 
Analog Front End | - Analog Functions for - V.26 modem 
for 4800 bps/9600} CCITT V.26, V.27 and -V.27 modem 
bps HDX Modem | V.29 64 Pin Mini -V.29 modem 
‘| - 8bit D/A and A/D +5.0 140 DIP CMOS 






Converter 
- Band Limiting Filter, 
AGC 






















4-bit MCU with - 2,048x14-bit ROM - Telephone 
On-Chip DTMF -640x4-bit RAM - Answering 
Generator - 3x4 Input Port CMOS machine 






- 3x4 Output Port 
- 1x4 Input/Output Port 


- Security 
system 

- Modem phone 
- Feature phone 






36 | 28 Pin si5 
tae. (3) | 40 Pin DIP 
: 20 | 44 Pin FLAT 
(6V) DIE 


| 3.6 | 
~ | (3V) 
728~ | 50 «| 28Pin DIP | CMOS 
(6V) 
| 44 Pin FLAT 
3.6 | 
+2.5~ | (3V) . 
+6.0 20 EMo> 
(6V) 
40 Pin DIP | 
3.6 
+2.5~ | (GV) | 28 Pin DIP | CMOS 
(6V) 
3.6 
+2.5~ | (3V) , | 
+6.0 20 28 Pin DIP CMOS 
(6V) 












Tone/Pulse Re- 
pertory Dialer 


- 500 Digit Memory 

(54 Numbers) 

- Last Number Redial: 
32 Digit 

- Make/Break Ratio 
Selectable 

- Dial Pulse Ratio 
Selectable 

- Off-hook Memory 

Storing 















Tone/Pulse 
Repertory Dialer 


- 500 Digit Memory 

(54 Numbers) 

- Last Number Rediai: 
32 Digit 

- Make/Break Ratio 
Selectable 

- Dial Pulse Ratio 
Selectable 

- On-hook/Off-hook 
Memory Storing 

- 4-bit Parallel Data 

Input 






























Tone/Pulse 
Repertory Dialer 


- 500 Digit Memory 

(54 Numbers) 

- Last Number Redial: 
32 Digit 

- Make/Break Ratio 
Selectable 

- Dial Pulse Ratio 
Selectable 

- On-hook Memory 

Storing 





















MSM6052- 
11 
















Tone/Pulse 
Repertory Dialer 


- 505 Digits Memory 
(52 Numbers) 

- Last Number Redial: 
32 Digit 

- Make/Break Ratio 
Selectable 

- Dial Pulse Ratio 
Selectable 

- Off-hook Memory: 

Storing 















Features 


Type No. 


- Last Number Redial: 
31 Digits 
- Make/Break: 33/67 


Tone/Pulse Dialer 
MSM5070 | with Redial 





- Last Number Redial: 
31 Digits 
- Make/Break: 40/60 


Tone/Pulse Dialer 
with Redial 





MSM5071 


- MK5089 Compatible 
- Easy Interface with 
MCU 

















MSM6234 


Tone Dialer 


- MSM6932: y-Law 


- Serial Data Rate: 
MSM6933 
64K bps~2048K bps 
MSM6962 - MSM6962, MSM6982: 
p-Law 
MSM6963 - MSM6963, MSM6983: 
COMBO CODEC A-Law 
MSM6982 - Serial Data Rate: 
512/1024/1536/1544 / 
MSM6983 2048 K bps 


- MSM6996H: A-Law 
- MSM6997H: L-Law 
- Serial Data Rate: 
64K bps~2048K bps 
-6002 Drive Capability 


MSM6996- 


MSM6997- 
H 


COMBO CODEC 


COMBO CODEC 


- MSM6996V: A-Law 

-MSM6997V: U-Law 

- Serial Data Rate: 
64k bps~2048k bps 


MSM6996- 
V 






MSM6997- 
Loop Test Capability 


- MSM6998: A-Law 
- MSM6999: L-Law 
- Serial Data Rate: 

64k bps ~ 2048k bps 
- 6002 Push-pull Drive 
and Analog Loop Test 
Capability 


MSM6998 





COMBO CODEC 
MSM6999 


- MSM6814: y-Law 
MSM6815: A-Law 

- Time Slot Assignment: 
32 Time/Frame Maxi- 
mum 

- Serial Data Rate: 

512/1024/1536/1544/ 

2048k bps 


MSM6814 











COMBO CODEC 
with Time Slot 
Assignment 
MSM6815 


- Battery Feed, Super- 
vision and Hybrid 
Function 

- Loop Current 
Capability: 20~80 mA 

- Longitudinal Balance: 

53 dB 












BSH LSI for 


MSA4710 | SLIC 





- Ringing, 

Function 

- Breakdown Voltage: 
350V 

- ON Resistance: 622 

-DC Current Capability: 
250mA 









Line Test 







RINGING 
SWITCHES for 
SLIC 


MSA4722- 
1 









- MK6087 Compatible 


- 6002 Drive and Analog 
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25 ; 
(MAX) 16 Pin DIP 


16 Pin DIP 


55 
28 Pin PLCC 
16 Pin DIP 


16 Pin DIP 
16 Pin DIP 


22 Pin DIP 
28 Pin PLCC 


28 Pin DIP 


22 Pin DIP 





Supply | sump- Applications 


- Telephone 

- Answering 
machine 

- Security system 


+3,0~ 


+6.0 CMOS 


BIE! 


- Modem phone 


+3.5~ - Feature phone 


+6.0 CMOS 





+25” 


CMOS 
+8.5 mo 


+2.5~ 


+8.5 SMO? 


- PABX 

- Key system 

-SLIC 

-PCM system 

- ADPCM system 

- Digital telephone 

- Voice recogni- 
tion 

- Digital voice 
recorder 


16 Pin DIP 


CMOS 





CMOS 
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on on 
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CMOS 
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-SLIC 
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Type No. 
PCM Voice 

Channel Filter 

8-bit Seriai- 

parallel Converter 
MSM6913 

Highway Switch 

Matrix 

Digital Signal 

Processor 












MSM77C- 
20 


High Speed Float- 
ing Point Digital 
Signal Processor 


Baseband Filter 
MSM6807 | fF; Cellular 
MSM681 7 


Mobile Phone 
MSM6808 










Split Filter for 
Cellular Mobile’ 
Phone 


Modem for 
MSM74017} Cellular Mobile 
Phone 


| P, , Frequency 
Synthesizer 
MSM6960 


- Receive LPF:0~3.4kHz 


+ 8-bit Serial-parallel/ 


- Maximum Operating 


- Matrix Size: 16-bit x 
4-bit x 3-layers 

- Maximum Operating 
Frequency: 9 MHz 


- Instruction Cycle: 
- Instruction ROM: 
- Data ROM: 512 x 
- Data RAM: 128 x 
- Multiplexer: 16 x 16 = 








- Voice BPF, Pre- 


* MSM6807 : AMPS 


- 10k bps/8k bps SPL 


- Filters for SAT and 
- DTMF Tone Generator 


- SPL Modem 
- Built in Data PLL 
- Built in SAT PLL 


- 10 bits Programmable 
and 7 bits Swallow 
Counter 

- Selectable Reference 
Divider: 2° or 2'° 


- Data Form: Floating 
Point . 
16E6x16E6—>16E6 
Fixed Point 
16 x 16731 
- Instruction Cycle: 
100 ns/125 ns 
-ROM: Internal 
1k x 32-bit +5.0 
External 
64k x 32-bit 
- RAM: Internal 
128 x 22-bit x2 
External 
64k x 22-bit 
- Data Word Length: 
22 bit 





i 





Power - 


Features Supply | sump- 
(V) 


- Transmit BPF: 






Package 


Applications | 


- PABX 

- Digital switching 
system 

- Multiplexer 


0.3~3.4 kHz CMOS 


16 Pin Cera- 
mic DIP. 
250 , 
(MAX) 24 Pin DIP 
650 | 120 Pin Cera- 
(MAX) | mic PGA 


28 Pin DIP 
44 Pin PLCC 


32 Pin PGA | CMOS 


400 
3 \ 








Parallel-serial Con- 
version 






CMOS 






Frequency: 9 MHz 





CMOS 


- Modem 

- Voice synthe- 
sizer 

- Voice recogni- 
tion 


250 ns 

512 x 23-bit 
13-bit CMOS 
16-bit 


31 bits 





- Modem 

- Voice Recogni- 
tion 

- Echo canceller 

- ADPCM 










- Wireless Com- 
munication 
- Cellular phone 


0 1 
32 Pin FLAT} CMOS 
7 44 Pin FLAT} CMOS 


56 Pin FLAT; CMOS 
0 


24 Pin FLAT. 


emphasis, De-emphasis 
and Smoothing Filter 









MSM6817 : TACS 










Modem Timing 
Extractor 









SPL modem 












MSM6808 : AMPS 
MSM6818 : TACS 





- Wireless Com- 
munication 


‘CMOS 





Function 


Type No. 


Features 





FIFO Memory 


MSM6252 
MSM6920 


MSM6945 
MSM6980 


Single Chip DTMF 
Decoder for 
PABx 


Single Chip DTMF 
Decoder for 
Terminal 


32k-bit/sec 
ADPCM CODEC 


- 64 Words x 4-bit 


First-in First-out 
Memory 


- F3341 (Fairchild) 


Compatible 


- Receive Signal Level: 


—5~-32 dBm 


- Voice Hit Protection 


Filter 


- Receive Signal Level: 


~-5~-48 dBm 


- Echo Control Circuit: 


- OKI’s Original 24k bps 


and 32k bps ADPCM 
Algorithm 


- 9600 bps Data Trans- 


mission Capability 


- Selectable Coder and 


Decoder Functions | 


aries 


+5.0, 
+12.0 


+5.0, 
+12.0 


sump- 
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es 


16 Pin DIP CMOS 
28 Pin DIP CMOS 


28 Pin DIP CMOS 
42 Pin DIP CMOS 


Applications 


- Digital trans- 


Mission system 


> LAN 


- PABx 
- Key system 
- Dial-in equip- 


ment 


- Security system 
- Answering 


machine , 


- Telecontrol 


system 


*Dial-in equipment 


- Digital trans- 


mission system 
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MINI-SIZE 
PLASTIC 


PLASTIC 
LCC 


PACKAGE 
PLASTIC 
FLAT 


CERAMIC 
DIP 


PLASTIC 
DIP 
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® 16 PIN PLASTIC DIP 


20.0 MAX 


7.62+0.30 





Seating Plane 
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@ 24 PIN PLASTIC DIP 
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OKI semiconductor 


MSM6926 CCITT V.21/ 
MSM6946 BEL 103 


300 BPS SINGLE CHIP MODEM 


GENERAL DESCRIPTION 


The MSM6926 and the MSM6946 are OKI’s 300 bps single chip modem series that 
transmit and receive serial, binary data over a switched telephone network using frequency 
shift keyed (FSK) modulation. 


The MSM6926 is compatible with CCITT V.21 series data sets, while the MSM6946 is 
compatible with Bell 103 series data sets. 

These devices provide all the necessary modulation, demodulation, and filtering required 
to implement a serial, asynchronous communication link. 

OKI’s single chip modem series are designed for users who are not telecommunication 
experts and are easy to use cost effective alternative to standard discrete modem design. 

CMOS LSI technology provides the advantages of small size, low power, and increased 
reliability. 


The design of the integrated circuit assures compatibility with a broad base of installed 
low speed modems and acoustic couplers. Applications include interactive terminals, desk 
top computers, point of sale equipment, and credit verification systems. 


FEATURES 

® Compatible with CCITT V.21 (MSM- @® Selectable built-in timers and external 
6926) delay timers possible 

® Compatible with BELL 103 (MSM6946) @ All filtering, modulation, demodulation, 

@ CMOS silicon gate process and DTE interface on chip 

® Switched capacitor and advanced CMOS ® TTL compatible digital interface 
analog technology @® Low power dissipation 90 mW 

e Data rate from-zero to 300 bps ® 28 pin plastic DIP package 

@ Full duplex (2-wire) @ 44 pin plastic FLAT package 


® Originate and Answer modes 
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# MODEM: MSM6926/46 ¢ 


PIN CONFIGURATION (TOP VIEW) 
28 LEAD PLASTIC DIP PACKAGE (RS) 


MSM6926RS 
or 
MSM6946RS 





f- O000f0090 

PuUusSZ2Z222dad20e4 

© ZR 
AO [34 | | 22 |SG2 
VD L35 | | 21) CDR2 
TS1 L36_ | 20 | CDR1 
NC L37 | 119 |DG 
TS2 (387 78 ]NC 
VA* [39 | [17] VA* 
NC (40 | rT6 |] RD2 
X1 [47] - 15) NC 
X2 (42, -74]RD1 
CLK [43 | 13] CD2 





* Both No. 17 pin and No. 39 pin are 
| Fb olf fo fo FI = set to be at VA level by setting 
No. 33 pin at VA level. 
-~OO090IN OA O 


O IO 1” 
2I8IS|je222le22 2 
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ABSOLUTE MAXIMUM RATINGS 


Bower abel -0.3 ~ 15 







<i|< 
sli 








Pens | 03~ 7 | 
lat ee VIA kee -03~VA+03 V 
input voltage A: dene eeDe 
Pdi | -0.3~VD+0.3 
ma. [ef = [ee |, 
ere i a 

*1 CDR2, Ain 





*2 X1, LT, CC, RS1, RS2, XD, C2, RD2, M, FT, Ts1, Ts2 


*3. CD2 is I/O terminal. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter Symbol Typ Max 








VA 12.0 

ht aie 5.00 
0 
canbe aes 70 
CRYSTAL 3.579545 ae 
R Transformer 00 
; impedance = 6002 

: 
2 = 
_ ze 
a! os ae 
: ss 
: <a 
i. = sae 
aes 0.047 a 
C, 7. ae 
= —_ 
:. _ 
e ee 
s Lani tcsbscsal 





Application circuits using above conditions are proviced in Figure 8. 
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Unit 


V 


° 
O 


MHz 


~ 


x 
~ 


= 
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DC AND DIGITAL INTERFACE CHARACTERISTICS 
(VA = 12 V +10%, VD = 5 V +5%, Ta = 0 ~ 70°C) 


Power supply Ordinary 
current SD | operation 


3 
> 





Input ; ML 


«1 
leakage current ley Vi=Vp -10 


saeanene! a | 
| vin ee 
loy = 400 uA 08: vo} 


Lg 

a) 
is ; . 
> 


< 
< 


Output voltage *? 


< 


*3 , 
*1 LT, CC, RS1, RS2, XD, CD2, RD2, M, FT, Ts, Ts2 


*3 


*2 CLK, CS, RD, CD1, CD2, RD1 


*3  “CD2 is 1/O terminal. 
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ANALOG INTERFACE CHARACTERISTICS 


1. MSM6926 
(VA =12 V +10%, VD =5 V +5%, Ta = 0 ~ 70°C) 


Transmit Carrier Out (Ag) 


MODE 
Carrier 
Hz 








fCRYSTAL = 3.979545 MHz 
ANSWER Mees”, Sane 1644 | 1650 | 1656 
MODE | 
Carrier 
Output offset VA VA |VA 
voltage — BB i 
Out-of-band energy | 
(referred to carrier Eox Refer to Figure 1 dB 
level) 
Receive Carrier Input (Ajj) 
Input resistance RiRA a ae kQ 
Receive signal 
Carrier Vcp ON ae -43 | *'dBm 
Carrier detect 





Receive Filter 







ORIG. 
=D ANS 


_ Note: *! QOdBm =0.775 Vrms 
*2 The resistor values are typical. 





Group delay 
distortion 






Adjacent channel 
rejection 
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0 2 4 6 8 10 12 14 #16 | kHz 





MOS SS ee ee Set 


Figure 1 MSM6926 Out-of-Band Energy referred to Carrier Level 
(C, = 0.047 uF) 
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ro) S S FREQ. (Hz) 
3 = si 
0 =s 
-10 
-20 
iJ -30 
£& 
o Figure 2 
 =A0 MSM6926 
Low Band Filter 
-50 
-60 
-70 
~80 
8 g 
3 ) FREQ. (Hz) 






Figure 3 
MSM6926 
High Band Filter 


Gain (dB) 
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2. MSM6946 
7 (VA =12 V +10%, VD =5 V +5%, Tz =0 ~ 70°C) 


Transmit Carrier Out (Ag) 

zee fom 1264 | 1270 | 1276 
MODE 

Carrier 

2219 | 2225 | 2231 


ee ae 
MODE 
Carrier Spice 

frequency a fas 2019 | 2025 | 2031 
200 


Output resistance ee Ls 
Load resistance RLXA | 50 
Load capacitance CLXA —_ 
Transmit level VOXA Pree 

aE: 






FCRYSTAL = 3.579545 MHz 


x 
~ 


Output offset 


voltage VOsx 





Out-of-band energy 
(referred to carrier Eox 
level) 


Receive Carrier Input (Ajj) 
Input resistance RiIRA 
Receive signal 
level range VIRA 


Carrier Vcp ON 


detect level OFF Vcp OFF 








Carrier detect Hy. 
hysteresis YS 


Receive Filter 







1975 ~ 2275 Hz 
1020 ~ 1320 Hz 


VAIN =—6 dBm 


Group delay 
distortion 






Adjacent channel 
rejection 


Note: *! QO0dBm =0.775 Vrms 
*2 The resistor values are typical. 
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Figure 4 MSM6946 Out-of-Band Energy referred to Carrier Level 
(C, = 0.047 uF) 


W-A-15 


¢ MODEM: MSM6926/46 ¢—______________________—__——__ 


Gain (dB) 


Gain (dB) 
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1000 


1000 


1500 


1500 


{2000 


2000 


2500 


Figure 5 
MSM6946 
Low Band Filter 


‘aaa 


FREQ. 
(Hz) 


Figure 6 
MSM6946 
High Band Filter 
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DEMODULATED BIT CHARACTERISTICS 
(VA=12V Pa) VD=5V car a0 70°C) 


Parameter Symbol Condition Unit 


Peak Back-to-back 
intersymbol ID over input signal 
distortion range -6 to -40 
dBm. 
511-bit test 
pattern. 
Bit error Back-to-back 
rate BER with 0.3 ~ 3.4 kHz 
flat noise. 
Receive signal 
level -25 dBm. 
511-bit 6 
test 10 
pattern 


TIMING CHARACTERISTICS 














1. MSM6926 ; 
(VA = 12V +10%, VD =5 V +5%, Tg =O ~ 70 C) 
Parameter Symbol Condition TS2 eee Unit 
RS/CS Ast = "0" Pores 
= voy [rte telel=| ff 
1 External delay: 
timer 
RS1 = cha Gul 3 7 
—> CS = ae eae 
pe fe ca 
CD/ON Ht ef] | 2] 
delay time 1 0 Avo. | 
1 
CD/OFF Se | 
delay time , 





External delay 


timer 


Soft Turn-OFF 
time 


NO 
| Oo 





s) ; 


Refer to Gigs 7. 
Note: * ..... Irrespective of 1/0 condition. 
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2. MSM6946 
(VA = 12 V +10%, VD =5 V +5%, Ta =0 ~ 70°C) 


Parameter Symbol TS2 TS1 


Typ Max Unit 





Do [© | ves | 200 | 208 
nis/63 cecon | RStzvon | Oo Lt | fe | 
. External delay 
timer 
RS1="1" % 
ms 
cD/ON en popu te 
—— 1 pe eT 
External delay 
timer 
0 + 
CD/OFF eee 
— eo et te 
External delay 
timer 
Soft Turn-OFF a ‘ 
i une oy Raa 





Refer to Figure 8. 


Note: * 1... Irrespective of 1/0 condition. 
Ashes Reserved 
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# MODEM: MSM6926/46 ¢ 
TIMING DIAGRAM 


” bag —!L- Tac OFF 
i III Th nn 


VALY AV AAI 


a 


a ME 
aaa 


TCD Tcp 


| ON | OFF 


CD2 


Figure 7 MSM6926/6946 Timing Diagram 
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PIN DESCRIPTIONS 







Function 


POWER 


DG 15 19 | Ground reference of Vp (digital ground) 
19 


AG Ground reference of VA (analog ground) 7 
VA | Supply voltage (+12 V nominal) 
vo fell 


Supply voltage (+5 V nominal) 


CLOCKS 
x1 11 44 Master clock timing is provided by either a series resonant 
a _| crystal (3.579545 MHz +0.01%) connected across X1 and 
x2 o| 42 X2, or by an external TTL/CMOS clock driving X2 with AC 
coupling where X11 is left unconnected. See Figure 10. 











CLK 31 43 | o 873.9 Hz clock output. This clock is used to implement 
external delay circuits etc. 


CONTROL 





Digital loop back. During digital ‘“‘High’’, any data sent on 
the Xp pin will appear on the RD pin, and any data sent on 
the RS1 pin will immediately appear on the CS pin. Any 
data demodulated from the received carrier on the Ajj pin 
will be the modulated data to implement the transmitted 
carrier. In this case, sending the transmitted carrier to the 
phone line depends on the CC, but never on RS1. 





During digital loopback, the data on this pin becomes a 
control signal for sending the transmitted carrier to the 
phone line in place of RS1. 


When an external circuit gives the RS/CS delay time which 
is not within the device as required, this pin should be 
connected to the external circuit output. See Figure 11. 





The fast carrier detection output. This pin is internally 
connected to the input of the built-in carrier detect delay 
circujt. When an external delay circuit provides the delay 
time which is not within the device as required, the CD1 
should be connected to the external circuit input. See 
Figure 11. 


| 
| 


©) 
oO) 
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Pin No. 


Rs| GSK 1/O Function 


Z 
o> 
3 
© 


When an external circuit gives the carrier detect delay time 

which is not within the device as required, this pin becomes 

the input pin for the external circuit output signal. In other 
1/O ie 

cases (when using the delay time within the device, the data 

on the TS1 or TS2 is not digital ‘‘High’’), this pin becomes 

the Carrier-Detect signal output. 


CD2 | 12 


OO 


The RD1 data is demodulated data from the received 
carrier and the RD2 is the input of the following logic 
circuits referred to in Figure 12. Usually, the RD1 data is 
input directly to RD2. In some cases, as input data to RD2, 
the data that is controlled by NCU (Network-Control-Unit) 
etc. may be required in stead of the RD1 data. 


eat 
OO 


RD1 
RD2 


These two pins are the output (CRD1) and inverting input 
(CDR2) of the buffer operational amplifier of which 
noninverting input is connected to the built-in voltage 
reference, stabilized to variations in the supply voltage and 
temperature. See Figure 13. An adequate carrier-detect 
level can be set by selecting the ratio of Rg and Ro. There- 
fore, the loss in the received carrier level by phone-line 
transformer can be compensated by adjusting the ratio of 
Rg and Ro. Rg + Rog should be greater than 50 kQQ. 


CDR1 


CDR2 | 17 


NO 


NS — 
oad —_ ‘a) 


Answer/Originate mode select. During digital ‘‘High’’, the 
Originate mode is selected. A low input selects the answer 
mode. 


This pin may be used for device tests only. During digital 
“High”, the Ao pin will be connected to receiving filter 
output instead of transmitting filter output. 


7 
+ 
Oo 


NO 
io) 


RS/CS delay and carrier detect delay options referred to 
chapter about timing characteristics are selected by TS1 
and TS2 inputs. Be careful that each delay can not be 
individually selected. If the other delay time unprovided 
within the device as option is required, input digital ‘““High”’ 
to the TS1 and TS2 pin and implement the external delay 
circuits to obtain the desired delay characteristics. In this 
case, the CD2 pin becomes not only the input for the 
external circuit output signal, but also the Carrier Detect 
output. See Figure 11. 


TS1 27 


TS2 


NO 
(ee) 
ig) 
© 


1o) OO 
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Es 
YO) s 
G) 
” 
5 
— 
— 
O 





a 


Be 
—_ 


; 
Oo 
petals |e | se | eo 


NO 

© 

NO 
_*: 


RD 


—_> 
© 


SG2 22 


SG1 


26 


> 
O 

N 

o 


Zz 
Z 
pe| 3 


34 


W-A-22 






Function 


INPUT/OUTPUT 


Clear-to-Send signal output. The digital ‘‘High’’ level 
indicates the ‘‘OFF” state and digital ‘‘Low’”’ indicates the 
“ON” state. This output goes ‘“‘Low”’ at the end of a delay 
(RS/CS delay) initiated when RS1 (Request-to-Send) goes 
“Low”. 


Request-to-Send signal input. The digital ‘’High’’ level 
indicates the “OFF” state. The digital ‘‘Low’’ level indi- 
cates the “ON” state and instructs the modem to enter the 
transmit mode. This input must remain ‘‘Low” for the 
duration of data transmission. “High” turns the transmitter 
off. 


This is digital data to be modulated and transmitted via Ao. 
Digital “High” will be transmitted as ‘‘Mark’’. Digital 
“Low” will be transmitted as ‘‘Space’’. No signal sppears at 
Ao unless RS1 is “Low”. | 


Digital data demodulated from Ajj is serially available at 
this output. Digital “‘High’ indicates “‘Mark” and digital 
“Low” indicates ‘‘Space’’. For example, under the follow- 
ing condition, this output is forced to be “Mark” state 
because the data may be invalid. | 


* When CD2 (Carrier-detect) is in the “OFF” state. 


The SG1 and SG2 are built-in analog signal grounds. SG2 is 
used only for Carrier-Detect function. The DC voltage of 
SG1 is approximately 6 V, so the analog line interface must 
be implemented by AC coupling. See Figure 9. To make 
impedance lower and ensure the device performance, it is 
necessary to put bypass capacitors on SG1 and SG2 in close 
physical proximity to the device. 


This is the input for the analog signal from the phone line. 
The modem extracts the information in this modulated 
carrier and converts it into a serial data stream for presenta- 
tion at RD output. 


This analog output is the modulated carrier to be condi- 
tioned and sent over the phone line. 





€e-V-ll 





VD 
ORIG. MODE } 
ea 
ANS. MODE 2 CRYSTAL 
OHO x, 
VD 
Test : 


Data = Control ae 





MSM6926RS/ 
MSM6946RS 


1. Thecrystal should be wired in close physical proximity to the device. 

2. High level signals should not be routed next to low level signals. 

3. Bypass capacitors on Va, SG1, and SG2 should be as close to the device as possible. 
4. AG and DG should be connected as close to the system ground as possible. 


Note: 


Figure 8 Application Circuit Using MSM6926RS/MSM6946RS 
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Ri ¢2 


60022: 60022 


PHONE 
LINE 


Figure 9-2 MSM6926RS/MSM6946RS Application 


| Receive 
Re (51 k&) signal level 


Carrier 
Re (33 k82) detect level 





Transmit 
signal level 


_ cS 


Crystal Oscillator Connection 


=“ 200PF 
"2 
© *1 TTLor Hi-Speed CMOS GATE 
*2 Left unconnected 


External Oscillator Connection 


Ro 51kQ 









External 
oscillator 


Figure 10 
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(A) RS/CS delay, (B) CD/ON delay, (C) CD/OFF delay 


Note: Supply voltage equals Vp for all gates. 


*: The desired delay can be realized by selecting the appronriate bits from 4020's outputs. 
The number of the bits is not always 3. Each delay can be set differently from built-in delays. 


Figure 11 External Delays Connection 
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a Se oa fl ined Ne A aN fa ne a een eee a ee tape a ee ees 
Ts, 
| -@ D 
Ts, 
t 
LTO | >o | >o 
: z 
———. | 
RS10 
l 
| gpl Leto 
cS ¢ Ce 
me OE es, ia 
RS2 | 
; 
! | 
| CS delay 
| 
| 
fone | 
CC 
is 
XD 
[ e 
| mH Transmit 
ere a smi 
AD § Ga AL RP Modulator) —e) fiean™t T= Ag 
! pou Loe 
| - 
| iJ 
| 
: =e 
| /\ 
CD20 
| 
l 
| e 
cere | 
CDi db ~0<t¢—-] CD delay De- Receive | a 
modulator filter IN 
; 
| 
| 
| 
, Carrier 
detect 
] 
l 
Rs ae Sty eet Sea ea ae eng Las a sa es ee ees es 
Rp. Ro, 
KY 


Figure 12 Equivalent Logic Interface of the Integrated Modem 
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Carrier 
detect 
AC/DC converter 


Carrier 






Figure 13 External Resistor Connection for the Setting of Carrier Detect Level 
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OKI semiconductor 
MSM6927 CCITT V.23/ 
MSM6947 BELL 202 


1200 BPS SINGLE CHIP MODEM 





GENERAL DESCRIPTION 


The MSM6927 and the MSM6947 are OKI’s 1200 bps single chip modem series that 
trasmit and receive serial, binary data over a telephone network using frequency shift keyed 
(FSK) modulation. 


The MSM6927 is compatible with CCITT V.23 series data sets, while the MsM6947 
is compatible with BELL 202 series data sets. 


These devices provide all the necessary modulation, demodulation, and filtering required 
to implement a serial, asynchronous communication link. 


OKI's single chip modem series are designed for users who are not telecommunication 
experts and are easy to use cost effective alternative to standard discrete modem design. 


CMOS LSI technology provides the advantages of small size, low power, and increased 
reliability. 


The design of the integrated circuit assures compatibility with a broad base of installed 
low speed modems and acoustic couplers. Applications include interactive terminals, desk 
top computers, point of sale equipment, and credi verification systems. 


FEATURES 

® Compatible with CCITT V.23 (MSM- ® Selectable built-in timers and external 
6927) delay timers possible 

® Compatible with BELL 202 (MSM6947) ® All filtering, modulation, demodulation, 

® CMOS silicon gate process and DTE interface on chip 


® Switched capacitor and advanced CMOS 
analog technology 

@ Data rate from zero to 1200 b/s 

Half duplex (2-wire) 

@ Receive Squelch delay and Soft-Turn 
OFF 


Crystal controlled oscillator on chip 
TTL compatible digital interface 
Low power dissipation 90 mW 

28 pin plastic DIP package 

44 pin plastic FLAT package 
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PIN CONFIGURATION (TOP VIEW) 
28 LEAD PLASTIC DIP PACKAGE (RS) — 


TS2 (MSM6927RS) 
ATE (MSM6947RS) 


TS1 (MSM6927RS) 
TS (MSM6947RS) 


vD 
AO 
VA 
FT 


MSM6927RS 


: or sO. 
MSM6947RS | 


All pin descriptions except No. 27 and No. 28 pins are same for both MSM6927RS and 
MSM6947RS. 





44 LEAD PLASTIC FLAT PACKAGE (GS-K) 





AO 134] 
| 35 | 


TS1 (MSM6927GS-K) [3qq 
TS (MSM6947GS-X) 
N 


37 
TS2 aeueiaes ss Ks MSM6927GS-K 


ATE (MSM6947GS~K) or 


MSM6947GS-K 


so8OReae 


288lg22¢ exc 
All pin descriptions except No. 36 and No. 28 pins are same for both MSM6927GS-K and 
MSM6947GS-K. 

* Both No. 17: pin and No. 39 pin are set to be at VA level by setting No. 33 pin at VA level. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Ratings Unit 


<j< 


Power supply . “0.3 15 
voltage -0.3~ 7 
| Ta = 25°C 
pnmaleg. VIA With respect | -03~VA+03 | V 


input voltage 


to AG or DG 


| Tor 


Digital = *2 -0.3~VD+0.3 
input voltage | 


Operating _ 
ee aod a : : °C 
Storage aa 


*l  CDR2, AIN 
Soh oe oe *3 =e Se 
*2 X1, LT, CC, RS1, RS2, XD, CD2, RD2, SQ, TS (TS), TS2(ATE) 


*3° CD2 is I/O terminal. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter Symbol! Typ Max Unit 
With respect to AG 10.8 12.0 


13.2 
Power supply 


CRYSTAL 3.579545 MHz 


o 
re) 


voltage With respect to DG 4.75 5.25 V 
Operating 26 
temperature 


600 


ry 


Transformer 
impedance = 6002 


w 


a 


WD 


kQ 


a 


a 


no 


WM > wo ve °o 
Oo 
— 
oO 
ow 
NO 


iJ 


—_ 


~~ 


0.047 





7 


R 
R 
R 
R 
R 
R 
R 
R 
R 
C 
C 
C 

ie 
E 
C 


ae 
0.01 


aR 


Application circuits using above conditions are proviced in Figure 8. 
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DC AND DIGITAL INTERFACE CHARACTERISTICS 
(VA = 12 V +10%, VD = 5 V +5%, Tz = 0 ~ 70°C) 








Power supply Ordinary || 90 | 180 | oak 
¥*1 
asccucciah vie Vp ea ee ae 
re er ee 
Input voltage *! 
Ce ee SE ee ee 
V 
Output voltage *? 





*! LT, CC, RS1, RS2, XD, CD2, RD2, SQ, TS4(TS), TS9(ATE) 








*2 CLK,CS, RD, CD1, CD2,RD1 


—*3 CD2 is 1/O terminal. 
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ANALOG INTERFACE CHARACTERISTICS 


1. MSM6927 
(VA = 12 V +10%, VD =5 V 5%, Tg =0 ~ 70°C) 


Transmit Carrier Out (AO) — 





ee fCRYSTAL = 3.579545 MHz 

Load resistance | _RLXA es 
Transmit leve VOxA es Fe CE “am 
Output offset MA 

voltage VOsx een neers 
Out-of-band energy | 

(referred to carrier Eox Refer to Figure 1 dB 


level) 





Receive Carrier Input (Ajj) 


Input resistance RiRA 


Carrier detect 
hysteresis 


a ae ko 
Receive signal 
1 
Sate ae perebotraty “dBm 
ce Cd a 


Vcp ON 
Vcp OFF 
Vcp ON — Vep OFF 
Receive Filter 


Group delay s 
Hictortion DpoL 1100 ~ 2300 Hz | 210 — us 


Note: *! QdBm =0.775 Vrms 
*2 The resistor values are typical. 
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——— 


Figure 1 MSM6927 Out-of-Band Energy referred to Carrier Level 
(C, = 0.047 uF) 
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2. MSM6947 
(VA= 12 V +10%, VD =5 V +5%, Tg =0 ~ 70°C) 


Transmit Carrier Out (AO) 
1180. pan aci6 


Carrier 
frequency 2190 | 2200 | 2200 


Answer tone 






fFCRYSTAL = 3.979545 MHz 





frequency ATE = "0 2019 | 2025 | 2031 
Outpurresitence | Roxa| 


Load resistance RLXA | 50 | 











Load capacitance CLXA a aa 
Transmit level VOXxA | ghee *! dBm 
Output offset V VA “Sp 

_ voltage OSX 
Out-of-band energy 
(referred to carrier Eox Refer to Figure 4 dB 
level) 

Receive Carrier Input (Ajj) 
Input resistance RIRA 100 Pat cd kQ 
Receive signal 

*1 

Carrier ON Vcp ON as -43 dBm 
detect level Vcp OFF 


Carrier detect H 
hysteresis YS 





Receive Filter 


Group delay 7 


Note: *! 0dBm =0.775 Vrms 
*2 The resistor values are typical. 
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Figure 4 MSM6947 Out-of-Band Energy referred to Carrier Level 
(C, = 0.047 uF) 
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DEMODULATED BIT CHARACTERISTICS 
(VA = 12 V +10%, VD = 5 V +5%, Ta =0~ 70°C) 


Unit 











Peak Back-to-back 
intersymbol over input signal 
distortion range -6 to -40 
dBm. 
511-bit test 
pattern. 
Bit error Back-to-back 
rate with 0.3 ~ 3.4 kHz 


flat noise. 
Receive signal 
level -25 dBm. 
511-bit 
test 
pattern 
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TIMING CHARACTERISTICS 
1. MSM6927 
(VA = 12 V 10%, VD = 5V +5%, Tz =O ~ 70°C) 


Y 
* 
z 


S1 Max Unit 


n yp 









200 | 205 
RS/CS 

External delay 

timer 

aE: 
CO/ON 
delay time 

External delay 

timer 

Pst [sl ” 
CD/OFF eae 
ee ame ey 


t 


External delay 
timer 





Soft Turn-OFF T 
time ST 


* 


10 


Receive Data ee 

Squelch TSQ RS1 = "1" 

Delay Time >RD="1" 
Hold 


External delay 
timer 


* ak 
NO 





Refer to Figure 7. 
Note: * ..... irrespective of 1/0 condition 
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2. MSM6947 


(VA = 12 V +10%, VD =5 V +5%, Ta = 0 ~ 70°C) 
Typ Unit 


3 

pol 

pe] os 
10 bod 20 ms 


External Delay Timer | 


RS/CS 
Delay Time 


CD/ON 

Delay Time TCDON 
CD/OFF T 
Delay Time CDOFF 









Soft Turn- + . 
OFF Time sT 

Data Tso 
pace External Delay Timer 





Refer to Figure 7. 
Note: *..... Irrespective of 1/0 condition 


Tl 
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Figure 7 MSM6927/MSM6947 Timing Diagram 
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PIN DESCRIPTIONS 







Function 


POWER 


Ground reference of Vp (digital ground) 


> 
G) 


Ground reference of Va (analog ground) 


< 

> 
BR isla 

oO; > 


Supply voltage (+12 V nominal) 


wl w)rn] = 
oO] wo}]o|] of 


< 
Oo 


Supply voltage (+5 V nominal) 


CLOCKS 


Master clock timing is provided by either a series resonant 
crystal (3.579545 MHz +0.01%) connected across X1 and 
X2, or by an external TTL/CMOS clock driving X2 with AC 
coupling where X1 is left unconnected. See Figure 10. 


= 


873.9 Hz clock output. This clock is used to implement 
external delay circuits etc. 


x 
N 
Ww NO |= 


g @) 
| 
LA 


CONTROL 





Digital loop back. During digital ‘“‘High’’, any data sent on 
the Xp pin will appear on the RD pin, and any data sent on 
the RS1 pin will immediately appear on the CS pin. Any 
data demodulated from the received carrier on the Ajjy pin 
will be the modulated data to implement the transmitted 
carrier. In this case, sending the transmitted carrier to the 
phone line depends on the CC, but never on RS1. 


LT 


During digital loopback, the data on this pin becomes a 
control signal for sending the transmitted carrier to the 
phone line in place of RS1. 


= 
ae 
See 


When an external circuit gives the RS/CS delay time which 
is not within the device as required, this pin should be 
connected to the external circuit output. See Figure 11-1 
or Figure 11-2 for MSM6927, MSM6947 respectively. 


RS2 


© 
rs 
= 
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Function 


The fast carrier detection output. This pin is internally 
connected to the input of the built-in carrier detect delay 
circuit. When an external delay circuit provides the delay 
time which is not within the device as required, the CD1 
should be connected to the external circuit input. See 
Figure 11-1 or Figure 11-2 for MSM6927, MSM6947 
respectively. 


When an external circuit gives the carrier detect delay time 
which is not within the device as required, this pin becomes 
the input pin for the external circuit output signal. In other 
cases (when using the delay time within the device, the data 
on the TS, (TS) or TS, is not digital ““High’’), this pin 
becomes the Carrier-Detect signal output. 


'?) 
NO 


The RD1 data is demodulated data from the received 
carrier and the RD2 is the input of the following logic 
circuits referred to in Figure 12 and Figure 14. Usually, the 
RD1 data is input directly to RD2. In some cases, as input 
data to RD2, the data that is controlled by NCU (Network- 
Control-Unit) etc. may be required in stead of the RD1 
data. 


RD1 


RD2 


These two pins are the output (CRD1) and inverting input 
(CDR2) of the buffer operational amplifier of which 
noninverting input is connected to the built-in voltage 
reference, stabilized to variations in the supply voltage and 
temperature. See Figure 13. An adequate carrier-detect 
level can be set by selecting the ratio of Rg and Rg. There- 
fore, the loss in the received carrier level by phone-line 
transformer can be compensated by adjusting the ratio of 
Rg and Ro. Rg + Ro shouid be greater than 50 kQ2. 


When data rate is 1200 BPS and at half duplex operation 
on two-wire facilities, the delay function called as receiver- 
squelch is required. In case of four wire facilities, this 


sO function is not required usually. 
When digital “High” input to the SO pin, this function 
can be omitted. 
This pin may be used for device tests only. During digital 
FT “High”, the Ao pin will be connected to receiving filter 





output instead of transmitting filter output. 
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Both MSM6927RS (or GS-K) and MSM6947RS (or GS-K) have 28 (or 44) pins. The 
pin descriptions for these 28 (or 44) pins are same except those for No. 27 (or No. 36) 
pin and No. 28 (or No. 38). The pin descriptions for No. 27 (or No. 36) pin and No. 28 
(or No. 38) pin are described as follows. 


MSM6927 


Name I/O | Function 


| RS/CS delay and carrier detect delay options referred 

to in the chapter about timing characteristics are selected 

27| 36 I by TS1 and TS2 inputs. The receiver-squelch delay will 

be set at the same time. Be careful that each delay can 

not be individually selected. If the other delay time un- 

provided within the device as option is required, input 

digital “High” to the TS1 and TS2 pin and implement 

28 38 I the external delay circuits to obtain the desired delay 

characteristics. In this case, the CD2 pin becomes not only 

. | the input for the external circuit output signal, but also 
the Carrier Detect output. See Figure 11-1. 


MSM6947 


Ua 


When digital “Low” input to the TS pin, built-in RS/CS, 
carrier detect and receiver-squelch delay are provided. If 
| the other delay time is required, by inputting digital ‘““High” 
TS 97 236 I to this pin and implementing the external delay circuits, 
| the desired delay can be realized. In this case, the CD2 
pin becomes not only the input for the external circuit 
output signal, but also the Carrier Detect output. See 
Figure 11-2. | 


Answer Tone Enable input. When digital “Low” input 

a to this pin and the RS1 pin is in digital “Low” level, 

ae 26 38 Answer Tone (~ 2025 Hz) is sent over the phone line 
_ via the Ag pin. 


Function 
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INPUT/OUTPUT 


Clear-to-Send signal output. The digital ‘‘High’’ level 
indicates the “OFF” state and digital ‘‘Low’’ indicates 
the “ON” state. This output goes ‘‘Low’’ at the end of a 
delay (RS/CS delay) initiated when RS1 (Request-to-Send) 
goes “Low”. 


7 


Request-to-Send signal input. The digital ‘‘High’” level 
indicates the “OFF” state. The digital ‘‘Low’”’ level indi- 
cates the “ON” state and instructs the modem to enter 
the transmit mode. This input must remain ‘‘Low’’ for 
the duration of data transmission. ‘‘High’’ turns the trans- 
mitter off. 


me) 
O 
on ~N 


Be) 
Sp) 
ae 


This is digital data to be modulated and transmitted via 
Ag. Digital ‘‘High’’ will be transmitted as ‘‘Mark’’. Digital 
“Low” will be transmitted as ‘“‘Space’’. No signal appears 
at Ao unless RS1 is “Low”. 


x< 
0 


Digital data demodulated from Ajj is serially available 
at this output. Digital “High” indicates ‘‘Mark’’ and digital 
“‘Low”’ indicates ‘‘Space’’. For example, under the follow- 
ing conditions this output is forced to be ‘‘Mark’’ state 
because the data may be invalid. 
- When CD2 (Carrier-detect) is in the “OFF” state. 
* When SO is in digital “Low’’ (two-wire facilities) and 
RS1 is in the “ON” state. 
During the receive data squelch delay at half Suplex 
~ operation on two wire facilities. 


The SG1 and SG2 are built-in analog signal grounds. SG2 
is used only for Carrier-Detect function. The DC voltage 
of SG1 is approximately 6V, so the analog line interface 
must be implemented by AC coupling. See Figure 9. To 
make these impedance lower and ensure the device per- 
formance, it is necessary to put bypass capacitors on SG1 
and SG2 in close physical proximity to the device. 


SG2 


= 
00 


w NO 


NO 
NO 


SG1 


NO 
aS 


This is the input pin for the analog signal from the phone 
line. The modem extracts the information in this modu- 
lated carrier and converts it into a serial data stream for 
presentation at RD output. 


= 
2 
Oo 


This analog output is the modulated carrier to be condi- 
tioned and sent over the phone line. 


> 
O 


e 
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The crystal should be wired in close physical proximity to the device. 

High level signals should not be routed next to low level signals. 

Bypass capacitors on Va, SG1, and SG2 should be as close to the device as possible. 
AG and DG should be connected as close to the system ground as possible. 


| Notes: 


oS 


Figure 8-1 Application Circuit Using MSM6927RS 
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The crystal should be wired in close physical proximity to the device. 

High level signals should not be routed next to low level signals. 

Bypass capacitors on Va, SG1, and SG2 should be as close to the device as possible. 
AG and DG should be connected as close to the system ground as possible. 


Figure 8-2 Application Circuit Using MSM6947RS 


=I 


R, | : 

arene i as 

2) 3 Bele 
R, LIN 

g ao i aE 


SULVESINSIN “2 


@ Lv/LC69INSW -INAGOW ¢ 





- @MODEM- MSM6927/47 





6002: 6002 


PHONE 
LINE 


0 dBm 


Figure 9 MSM6927RS/MSM6947RS Application 
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C, 2.2 UF TK kQ | Ry 51kQ2 
Carrier 
fe feo | ow Ba 
Transmit ! 


Note: The signal level on the Ayyy pin should not exceed -6 dBm. 





3.58 MHz Co 


Crystal Oscillator Connection 


200PF 


External 
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*1 TTLor Hi-Speed CMOS GATE 
*2 Left unconnected 


External Oscillator Connection 


Figure 10 
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(A) RS/CS delay, (B) Receiver-squelch delay, (C) CD/ON delay, (D) CD/OFF delay 
Note: Supply voltage equals Vp for all gates. 


*1: The desired delay can be realized by selecting the appropriate bits from 4020's out- 
puts. The number of the bits is not always 3. Each delay can be set differently from 
built-in delays. 


*2: In the case that the Receiver-dquelch delay is unnecessary, circuit (B) and this OR gate 
should be omitted and the output of the NOR gate should be connected to DC2 
directly. 


Figure 11-1 MSM6927 External Delays Connection 
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Regie prtrieniaaanes 


(A) RS/CS delay, (B) Receiver-squelch delay, (C) CD/ON delay, (D) CD/OFF. delay 
Note: Supply voltage equals Vp for all gates. 


*1: The desired delay can be realized by selecting the appropriate bits from 4020's out- 
puts. The number of the bits is not always 3. Each delay can be set differently from | 


built-in delays. | 
*2: In the case that the Receiver-dquelch delay is unnecessary, circuit (B) and this OR gate 
should be omitted. and the output of the NOR gate should be connected to DC2 


directly. 


Figure 11-2 MSM6947 External Delays Connection 
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Figure 12-1 MSM6927 Equivalent Logic Interface of the Integrated Modem 
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Figure 12-2 MSM6947 Equivalent Logic Interface of the Integrated Modem 
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Carrier Carrier 
detect 
AC/DC converter 


(R, + R,) 250 KQ 


Figure 13 External Resistor Connection for the Setting of Carrier Detect Level 
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OKI semiconauctor _ 
MSM6948 


SINGLE CHIP MSK MODEM 





GENERAL DESCRIPTION 


The MSM6948 is a single chip MSK (Minimum Shift Keying) modem which is fabricated 
by OKI’s low power consumption CMOS silicon gate technology. 


The modulator receives the data to be transmitted (SD) synchronized with the transmit 
timing clock (ST) generated by the on-chip clock generator. The signal, which is modulated 
by MSK method, is output. - 

The demodulator converts the received MSK signal to the received data (RD) by means 
of delay detection technique after limiting the band of the received MSK signal. This signal 
is input to the digital PLL and re-generated timing clock is output from the demodulator, 
synchronized with the RD. 


FEATURES 


® On-chip SCF (Switched Capacitor Filter) @ Small numbers of external components 
@ The transmit filter. can be used as for easy application. 
~ voice spliutter filter. @ Wide application-wireless data equip- 
@ The receive timing re-generator has two ment, MCA system. | 
different lock-in time performance @ +5 V signal power supply. | 
options to be chosen from. — _@ Low power consumption CMOS. 
® On-chip oscillation circuit. ® 18 pin plastic DIP package. 
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BLOCK DIAGRAM 


*Post Detection Filter 
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PIN CONFIGURATION 


(Top View) | 18 Lead Plastic Package 





ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter Unit 
Power Supply Voltage 
Ta = 25°C 
Analog Input Voltage *! | Referred to V 
AG or DG 
Digital Input Voltage *? 
Operating Temperature 
°° 
C 


Storage Temperature 





“1 TLAIl _ 
*2 ME, SD, CF, CT, FT 
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Recommended Operating Conditions 


Yop [Referred toaGoroG| 475 | 5 
Power Supply Voltage 


5 
3.6860} 3.6864 | 3.6868 | MHz 


ae F 
TE 


Max Unit 


5.25 
V 


’ 


Operating Temperature Top 


> 
q) 
0 
G) 


Crystal Resonant fXOTAL 


+ 
rn 


‘Data rate bit/s 


C, 


= [oer 
Depend on Load Impedance for Ao Output 
p= = [eon 


iS) 


LF 


1 OO 7 | OD 
> 


w 


Ww 


DC and Digital Interface Characteristics 
Vpp =5 V +5%, Ta = -25 ~ 70°C 


Parameter Sy mbol Min 


Normal Operating 
Condition 


Max Unit 


Typ 
Power Supply Current 3 


# | mA bi | 
3.6857 |3.6864| 3.6871] MH 
3.6864 MHz +0.01% eee : 
VIN = Ov 


Input Leakage Current *? 
| NH VIN= VbD -10 


Input Voltage *? 


IX'TAL = 


Oscilating Frequency fMCK 





= 
= 





| VOL1 loL =1.6mA 
Output Voltage *? 
VOH1 IOH = 400 LA 0.8 Vpp 


VOL2 Ry >50kQ 


2.2 


< 


D 


1e) 


< 
0 


= 
> 


< 


Output Voltage ** 


Cy. <20pF 


< 
0 
ow) 


VOH2 


= 
x 
o 
oO 
< 
S 
) 





*1 ME, SD, CF, CT, FT 
*2  §T, RD, RT 
*3 MCK 
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Analog Interface Characteristics (Vpp = 5V +5%, Ta = —25 ~ 70°C) 


Transmit signal output (Ao) 


1201 


Output 0.1 
DC voltage - 


Vosx a pp 5 + Vpp+0. 1 V 


Carrier frequency ME= "4" 
crm | v0 Esch 
Output voltage FT =" 

ny 

2 ‘DD 2 





Note: 0 dBm = 0.775 Vrms 


Voice signal input (TI) 






Voltage gain 







FT = ate 
ME= “QO” 






Input signal level 






Input resistance 
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Built-in Signal Ground (SG) 






DC Voltage 















Input 
Resistance 











Receive 
Signal Level 








Bit Error 
Rate 













Data Bit 
Number 
For PLL’s 
Lock-in 


Bit 






M-A-61 


@ MODEM: MSM6948 ¢ 


BUILT-IN FILTER FREQUENCY CHARACTERISTICS 


GAIN (dB) 


I-A-62 


é 1 2 3 4 5 6 7 8 9 10 FREQ, (kHz) 





Transmit Low-pass Filter 


T GAIN (dB) | 
0.5 1 15 2 25 3 35 4 FREQ. (kHz)|. 


' Receive Band-pass Filter 
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PIN DESCRIPTION 


Pin Name 


X1 
X22 


MCK 


ac 
m & 


Function 


Crystal connection pins. A 3.6864 MHz crystal shall be connected. 

When an external clock is applied for MSM6948’s oscillation source, it has to 
be input to X2. In this case, X2 has to be AC-compled by the capacitor 

of 200 pF. X71 shall be left open. 


3.6864 MHz +0.02% clock output. This can be used for other devices under 
limited load conditions. 


When digital 1" is put on this pin, MSK modulator output is connected to 
the input of transmit LPF. When digital ‘O” is put on, the input of transmit 
LPF is connected to TI that is voice signal input. The data put on ME 
terminal is synchronized with the negative edge of ST and input to internal - 
logic as acontrol data. The positive edge of this synchronized data resets 
MSK modulator. 





sD 


ST 


SG 


> 
q) 


DG 


TI 





Transmit data input terminal. The data on this pin is synchronized with the 
negative edge of ST and input to MSK modulator as a actual transmit data. 
ST is synchronizing signal used for ME and SD. 

This is made from master clock and is usually 1200 Hz. 


el ee WS 
' | ! 
1 1 | 
! | } 
SD | | | | ! | 
] | 
j | 
MSK Modulating | | | | 
data 


so the analog signal interfaces of Al, AO and TI with peripheral circuits 
must be implemented by AC-coupling. To make this voltage source 
impedance lower and ensure the device performance, it is necessary to put a 
bypass capacitor on SG in close physical proximity to the device. 


Built-in analog signal ground. The DC voltage is approximately half of VDD, : fl | 


Analog ground. This pin should be common with DG at the system ground 
point as close as possible. 


Digital ground. This pin should be common with AG at the system ground 
point as close as possible. 


Voice signal input terminal. The signal input to this pin can be sent out to 
AO through the transmit LPF, the characteristics of which, gives the splutter 
filter for voice band signal. 

When this function is used, digital ‘’O0’’ must be input to ME. 

Tl is biased internally to SG with about 100 kQ. 
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Function 


Transmit analog signal output terminal. According to the control data on ME 
and FT, AO is set to various state as an output terminal as follows. 
Transmit LPF State of AO 
The output of MSK Signal 
Power On | Transmit LPF 
Voice Signal 
The Output of Receive BPF | 
is Power Down (Used for Device Test Only) 
AO ie No-signal Output 
(DC-biased to SG) 
at) Power down . 
( g 
Transmit 
Go} MODUL. oS i 
lator SG<0-0 cS (Ad) 
0d 
| Receive 
BPF 


: Pin Name 




























The state when FT and ME = “0” is shown above. When the input digital 
data on FT changes to “‘1"’ from “0’’, AO remains to be connected to SG 
during about 12 ms and after that, and AO will be switched to transmit LPF. 
This delay time prevents AO from outputting meaningless signal during 
transient time from power down to on of LPF. 





Receive analog signal input terminal. Al is biased internally to SG with 

Al 12 about 100 kQ same as TI. Receive BPF and demodulator extract the 
information in this signal and convert it into a serial data stream at RD 
output. 


Demodulated serial data output. This data is synchronized with the 
RD 13 ae 
re-generated timing clock RT. 


Receive data timing clock output. This signal is re-generated by internal 
digital PLL. Synchronizing to negative edge of RT, RD is output. 


ro 
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Pin Name 


CF 


CT 


VDD 
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Function 


Receive data timing clock is re-generated by digital PLL of which phase 
correcting speed can be selected with CF. When digital ‘‘1”’ is put on CF and 
phase difference between receive data timing and RT is more than 22.5 
degree, phase correcting speed is high. In this case, as the phase difference 
enters within 22.5 degree, that speed changes to low immediately. 

When digital ‘‘0”’ is input to CF, phase correcting speed of PLL remians to 
be low regardless of the phase difference.. 

Usually, CF is connected to digital “1’’. 


PLL’s lock-in characteristics can be selected with CT. When digital “1” is | 
put on CF, PLL requires max. 65 bit alternative data pattern. On the 
other hand, when digital ‘0”’ is input to CF, PLL can be locked in below 
31 bit data. 

Equipment 


Personal/MCA wireless terminals 


MCA wireless bases 


O 


Control signal for the internal connection of AO. Refer to column AO. 
When digital ‘’0”’ is input to this pin, transmit LPF enters in power down 
mode, but the output buffer operational amplifier remains to be active. 


+5 V power supply input terminal. This device is sensitive to supply noises 


as the switched capacitor techniques are utilized in plenty. By pass 
capacitor is indispensable to ensure the performance. 
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HINTS FOR APPLICATION a 


Crystal 


3.6864 MHz 


Filter Test 


3.6864 MHz PLL’s Lock-in Speed 
Clock 1’ . Low Speed 
“O": High Speed 


Transmit Control | Phase Correcting Speed 
“1: Data Signal (SD) "1", High-Speed Correction 
"0": Voice Signal (TI) ‘0’: Low-Speed Correction 


Transmit Data Receive Data Timing Clock 


Transmit Data : 
Timing Clock Receive Data 


C, : 
|} Receive Analog Signal 


C, 
+» Transmit Analog Signal 


C, 
}+-—«— Voice Signal 
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OKI semiconductor 
CHIP SET FOR BELL 212A MODEM 


(0 ~ 300 bps or 1200 bps IN FULL OR HALF-DUPLEX MODE) 





GENERAL DESCRIPTION 

This is the chip set to realize the data communication between computers or terminals 
via telephone line in full or half-duplex mode at a rate of 0 ~ 300 bps or 1200 bps. 

This chip set consists of 6 LSIs. The MSM6950, MSM6928-06 and MSM61057 are OKI’s 
original LSIs which are fabricated by OKI’s low power CMOS silicon gate technology. The 
MSM80C31, MSM81C55 and MSM2764 are standard LSIs which can be sourced besides OKI. 

Since this chip set provides most of all necessary functions for Bell 212A standard, only 
small number of MSIs, OP-amps and other components are required to make a complete 
modem set. 

With this chip set, a modem which is compatible with the ‘‘“Smartmodem 1200 
realized easily by programming MSM2764 accordingly by customer. | 

In the data sheets following herewith, OKI can provide application circuits of a modem 
based on Bell 212A standard by using this chip set. 

(This modem is hereafter called OK! PC MODEM 212A.) 


kee 


can be 


FEATURES 


e Applied Netowrk: 

Network Interface: 

DTE Interface: 

Operating Mode: 

Low Speed Data Format: 
(0 ~ 300 bps) 

High Speed Data Format: 
(1200 bps) 


Modem Compatibility: 


Receive Sensitivity: 
Transmit Level: 
Dialing Capability: 
Command Buffer: 
Power Supply Voltage: 


Public Switched 2-wire Line 

600 ohm Balance 

RS-232C (refer to 4-2.) 

Full-duplex or Half-duplex 

Serial/Binary/Asynchronous; 7 or 8 data bits: 1 or 2 stop bits; odd, 
even, Or no parity. 

Serial/Binary/Asynchronous; 

e7 data bits; 1 or 2 stop bits; odd, even, or fixed parity. 

e8 data bits; 1 or 2 stop bits; no parity. 

Compatible with Bell System 103 or 212A modems, for asynchronous 
communication, in originate or answer mode. 

—45 dBm typical 

—10 dBm typical 

Touch-Tone and Pulse (10 pps) Dialing 

40 Characters 

+5/—5 V, +12/—12 V (RS-232C) 


<Additional High Speed Specifications > 


e Input Data Rate: 

@ Line Data Rate: 

-@ Modem to Terminal 
Data Rate: 

e Carrier Frequencies: 


@ Received Signal Frequency: 
Tolerance: 
- @ Data Modulation: 


@ Encoding: 


@® Scrambler Polynominal: 


 @ Line Equalization: © 


1182 ~ 1212 bps 
1200 bps +0.01% 





1219 bps 
Originate Mode Answer Mode 
Transmit: 1200 Hz +0.01% Transmit: 2400 Hz +0.01% 
Receive: 2400 Hz +0.01% Receive: 1200 Hz +0.01% 
+7 Hz 
4-level Differential PSK at 600 baud +0.01% 
Dibit Phase Shift 
00 +90 
01 0 
10 180 
11 -~90 


X=1+X'4 + X77 
Auto-equalizing function is provided in receiver 


_*Smartmodem 1200 is the registered trademark of Hayes Microcomputer 


Products Inc., 
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LIST OF CHIP SET 


. Power Dissipation Unit: mA Package | 
Type No. Function . : 
Typ Max |Conaiton| DIP FLAT 


42 pin 56 pin 
~ 


| 42 pin 60 pin | 
40 60 pin 
20 +5 V 40 pin 44 pin 
40 pin 44 pin | 
28 pin — 





Analog Front-End 






MSM6950 


35 


MSM6928-06 DSP for Demodulation 
SYNC/ASYNC, Scramble/ 


*4 Modulator, Hand-Shake, 
MSM80C31 "| DTMF dialing 12 
MSM81C55 2 1/O Port expander 
MSM2764°3 


ROM for MSM80C31 


Ww | = 
N) NO 


or 
MSM27C64 





*1 Refer to the MICROCONTROLLER DATABOOK. 
*2 Refer to the MICROPROCESSOR DATABOOK. 
#3 Refer to the MEMORY DATABOOK. 
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MSM 80C31 (uP) 
+ 


MSM 2764 (EPROM) 
MSM 81C55 


COMMAND 
INTERPRETTER 


MSM 6950 (Anaiog Front-End) 


| 
L-BPF 4] << 


ee ee 
















' ADAPTIVE PSK 
; EQL. DEM. 


| FSK 
DEM. 
TIMING 


MSM 6928-06 (DSP for DEMODULATION) 













/ASYNC. 





MSM 61057 (G. Array) 





PHONE 
LINE 


wejsbeig 490/g 11ND) UONOUNY 


WVYSVIG AO01d WAGOW VZLZ 
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APPLICATION CIRCUIT FOR BELL 212A MODEM 


(OKI PC MODEM 212A) 


c— 4.1 
D-23.1 


OKI Electric |* * 


F 
4 
+12V 


R33 
OO 
7 Ret 











AUDIO 
MONITOR 
| 
5 T 
O- 
>7 6AAY 3% 
las wie 
On-8~ 
o C31 
ar : 
Co) she, 
2 
| 
\ Vv R28 
(1) : I 
8 
: + 
' - 
| cg 
' 
' 
t 
1 
4 
AUDIO MONITOR 
ON/OFF 


TP1 
O) 
R19 
©) 
TP2 


AG 


R17 
AG 


© 
rO 
cs 
AG 
+5V 
5V 
AG 


6 
5 
1 
ICQ 2/2 


1 


VR 
C6 C7 C26C27 








Iam to 
[PEE | 


m mT N Ow 
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4 a 
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[o} 
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a. 
ac | i 


Q ee De eee 
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Amp for monitor | 


- *1 
LINE 
MON < 








Modu- 
ler 
Jack 


*2 


EXT 
FG 
ER 
DR 
CD 
CS 


HS 
Ri 
TD 
RD 
ST1 
ST2 


RT 
SG 


+5V ———> 


—5V —— (Note) 


= ge 





M6950 (Analog Front End) | 
1200Hz | MGI20-06 


a 
scoot ag for 


DEM. 


(Note) 

When RS-232C interface is required, +12V power supplies are necessary for the level conversion. 
*1 Line Monitoring (Call progress tone monitoring) function applicable 

*2 External analog tone 


=I 


$U01}2939UU0019}U | 
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Descriptions of Signal Interface (BD-25 Connector) 


Pin No. Circuit 





20 ER (CD) 
22 Rl (CE) 


Data Terminal Ready To Modem 


Ring Indicator From Modem 


1 Protective Ground | NA 
2 Transmit Data | To Modem 
6 DR (CC) From Modem 
7 Signal Ground NA 
_ 8 Carrier Detect From Modem 
12 High Speed Indicator | From Modem 
| ER(CD) 
PRICE) 


Additional Interface 


15 | =sT2 (DB) Transmit Data Element Timing | From Modem 
17 RT (DD) Receive Data Element Timing From Modem 
24 ~ §T1 (DA) Transmit Data Element Timing To Modem 
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Components Table (1/3) Chip Set; IC1, IC2, 1C3, IC4, 1C5, 1C8 

Ic1 | MSM61057RS | TLP521-1-A Toshiba 

Ic2. | MSM80C31RS P| ERZ-CO7DK151 Hite ies Denshi 

ic3. | mMsMeg28-oers_ | DSP for NR-SD-12V Matsushita Denko 

Demodulator 

ica | MSM81C55RS P| RL2 | sv-12 enews 

IC5 MSM2764 212A5Z J vt.2 VR-61B-A | Shin Den Gen 

ice | MSM74HC273 a o1,2 | 28c372 

Ic7 | MSM74HC244 x CX0-042B (11.0592 MHz) 

Kinseki 
1C8 MSM6950RS Analog Front-End jor. | VO6C 
| D4~ 

ov [eomse fem 

1cC13_ | MSM74HC368 swi__| DYS-8 8-contacts DIP 
Switch Tl 
6-Position 

IcC16 | MSM74HCO2 a 31222-1 Daiwa Denki 


iC18 | MSM4049 


IC19 | HD75188P 


IC20 | HD75188P 


Hitachi 


Hitachi 


1C21 HD75189P Hitachi 


1C22 | MSM4050 


1C23 | TCM1520AP Texas Inst. 
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Components Table (2/3) 


one | woe [rove [ im [tom [ var [rome | vn 
a 
[ee [oe [mm fee | wun [em | em 
a 
a 
es 
a 
a 
R10 39 kQ 10% 1/4 W [rsa | tok | 10% 1/4W 


R11 


R12 


R13 10 ka 1/4W 
R14. | 100K 1/4. W 
R15 
R16 10 ka 1/4 W 
R17 5.1 kQ, 1/4W 
R18 100 k2 1/4 W 
R19 620 2 1/4 W 
R20 51 kQ 1/4 W 
R21 620 2 1/4.W 
R22 100 k2 1/4 W 
R23 33 kQ 1/4w 
R24 242 1/4W 





RG 


10 kQ x8 10% —1/4W 


10kQ2 x8 10% 1/4 W 
G4 |3302x8 |] 10% 1/4 W 
Max Variable 
50 kQ Resistor 
R2 Max Variable © 
50 kQ Resistor 
Max Variable 
100 kQ Resistor 


a 


1 
G2 
3 


G 


< 
D Q 
Ww _ 


V 
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Components Table (3/3) 


Name 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 


C11 


C12. 


C13 


C14 


C15 


C16 


C17 


c18 


C19 


C20 


C21 


C22 


C23 


C24 


4 


Value 
10 uF 
10 uF 
10 uF 
10 WF 

. 10 uF 
10 uF 
10 pF 
10 uF 


10 uF 


1000 pF 
1000 pF 
1000 pF 
1000 pF 
1000 pF 
1000 pF 
1000 pF 
1000 pF 
1000 pF 


0.47 uF 


0.1 WF 


0.1 WF 


0.022 uF: 


1 uF. 


Tolerance 
50% 
50% 
50% 
50% 
50% 
50% 
50% 
50% 


50% 


20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
20% 
50% 
50% 
50% 
20% 


— 650% 


DC-rated 
Voltage 


>15V 
>15V 
>15V 
>1i5V 
>15V 
>15V 
>15V 
715V 


-60 V 


>15V 
>15V 
>15V 
>15V 
>15V 
>15V 
>I15V 
>15V 
>15V 
>15V 
>15V 
>15V 
>15V 


715 V 


ale 


C32 
C33 


2) 
wo 
i 


C35 


C36 


C37 


C38 


.?) 
ow 
© 


C40 


C41 


C42 


C43 


C44 


C45 
6 


C4 


0.47 uF 


Tolerance 


50% 


50% 


50% 


50% 


50% 


50% 


20% 


20% 


50% 


50% 
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DC-rated 
Voltage 


>15V 
>15V 
>15V 
>15V 
>15V 
>15V 
>15V 


>60 V 


>15V 


>15V 
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Initial Adjustment 


Trimming for Reference Voltage 





Figure-1 


VR2 should be trimmed so that the DC voltage on pin 26 becomes +2.50 V. 


Adjustment for Transmit/Receive Signal Level 





Figure-2 


First, connect a 600 {2 signal source to pin 3 and pin 4 of J1 (normally 1200 Hz). 


Next, make the signal source level minimum and make the modem send the PSK transmit 
signal to the phone line through the hybrid transformer using the ‘‘ATS10 = 255D"” com- 
mand mentioned in section 6-5. 

Then, tune VR3 so that the signal between pin 3 and pin 4 of. J1 should become 
—10dBm. 


Stop the modem to send the transmit signal using the ‘“ATCOS10 = 255D” command and 
set the signal level between pin 3 and pin 4 of J1 at —10 dBm by increasing the signal source 
output level. | 

Then, tune VR11 so that the signal on AIN (pin 27) should be +4 dBm. 


Note 1: 


0 dBm = 0.775 Vrms 
The input impedance of a level meter used for measurments must be ‘‘High’’. 


Note 2: The mode of the level meter should be ‘‘Balance’’ when measuring the signal level 
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between pin 3 and pin 4 of J1. 
“Unbalance’’ mode should be used when measuring the signal level on AIN 
(pin 27), AOUT (pin 30), TP1 and TP2. 
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Decision Point of Monitoring 


Decision point monitoring is the practical evaluation method. 
It can be easily performed by using XIC provided on the evaluation board and the 
external monitoring circuit. 


MSM6950 Pini1 
Pin25 


NO 

= 
oe) 
< 


—> — AJ 
o © © 


MSM6928 


= —_ 
or oO 


MSM6928 


oO Aa nN oO OF BP W N 
—_ 
~“ 


= 
© 

= = 
oO sf 


aaa”, 
——.) 
eae 
ao 
aac? 
canes”, 
ea: 
a”. 
ae”: 
a, 
— 


OKI PC MODEM 212A Figure-3 





At first, it is required to put a 22 pin — IC socket into XIC’s holes by soldering. 
Figure-4 shows how to connect the external monitoring circuit (drawn in figure-5) 
through the XIC’‘s socket. 





Monitoring 
Circuit 
(Figure-5) 


X Oscillo- 
Y Scope 


OKI PC MODEM 212A Figure-4 
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‘Figure-5. DECISION POINTS 





5.0k 2.5k 


—12V 


2.5k 


MONITORING CIRCUIT 


4 . 
py | 


Oscillo-scope 
Xx 


[Y] 


* XIC is provided on the modem evalu- 
ation board. BO~B15 are connected 
to pin25 through pin40 of MSM6928 
and ST is connected to pin11 of MSM 
6950. 
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OKA semiconductor 
CHIP SET FOR 2400 bps FULL DUPLEX MODEM 





(0 ~ 300 bps, 1200 bps or 2400 bps IN FULL OR HALF DUPLEX MODE) 


INTRODUCTION TO OKI PC MODEM 224 


This chip set allows computers and terminals to communicate via telephone lines with 
other computers and terminals by using the additional microprocessor as the controller 
through an RS-232-C port. It operates on-line in full-duplex at a rate of 2400, 1200, 0 — 300 
bps. It is compatible with CCITT V.22-bis, V.22, Bell 212A modem system. 


This chip set consists of 5 LSIs. MSM80C51-98/99 (MICROCONTROLLER: MCU), MSM- 
6928-07 (Digital Signal Processor: DSP), MSM6950 (Analog Front End: AFE) and MSM- 
61077 (Gate Array: GA) and this chip set is hereafter called OKI PC MODEM 224. 


Figure 1 shows the typical configuration of the 2400 bps full-duplex intelligent modem 
system. It consists of two blocks; One is the controller, and another is the original MODEM. 
As an intelligent data communications system just like the Smartmodem 2400 (Hayes 
Microcomputer Products, Inc.), the controller analyzes and executes commands and sends 
results codes in optional English word or decimal digit form. Therefore, this controller 
plays the role of the command interpreter, and also sets up the status of the original 
MODEM operation. ° 


The OKI PC MODEM 2724 is the original MODEM designed to construct the intelligent 
high-performance modem system, hence it needs the controller whose role is to set up 
the status and to define the several kinds of modes of modem operation. The interface 
between OKI PC MODEM 224 and the controller is designed to have flexibility and also 
to be adjustable. Using this chip set and the controller, a low-cost and compact-size intelli- 
gent modem system at 2400 bps in full-duplex can be realized easily. 


Command 


DTE Interpreter 
(RS-232-C) ee = & 
- Protocol 


Synchronous Modem 


Asynchronous Modem 


Figure 1 Typical configuration of 2400 FDX MODEM 
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FUNCTIONAL BLOCK DIAGRAM 


Figure 2 shows the functional block diagram of the OKI PC MODEM 224. It consists of 
two parts; One is the speed conversion, another is synchronous modem, so that the com- 
posite One operates as an asynchronous modem. OKI PC MODEM 224 consists of four 
LSI-chips; MSM80C51-98/99 (MICROCONTROLLER: MCU) is functioning as synchronous 
to synchronous conversion and modulation, MSM61077 is functioning as synchronous 
to asynchronous conversion and transceiver PLL, MSM6928-07 and MSM6950 are function- 
ing as demodulation and analog front and (AD, DA, Filters), respectively. 





MSM6950 (AFE) | 


MSM80C51-98/99 (MCU) 







Transmitted 


Data | Modulation 
x SYN fd | 


Analog out 


Recei £ 5 
— Demodulation 





MSM61077 (GA MSM6928-07 (DSP) 





Speed Synchronous Modem 


Conversion 


Asynchronous Modem 


Figure 2 Functional block diagram of OK! PC MODEM 224 
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GENERAL CONTROL DATA FLOW 


Figure 3 shows the schematic diagram of the control! data flow. The data stream is divided 
into three groups; the first group is the parallel bit stream of approximate 3 bytes, that 
mainly control the operation modes of MSM80C51-98/99 (MICROCONTROLLER: MCU) 
and MSM6950, and that is the output port of MSM61077. The second one is the serial 
bit stream of 2 bytes, that define the status of MSM61077. The last one is the serial bit 
stream of 2 bytes, that are dealt as the input data of External Flags of DSP, and control 
the demodulation programing environments of MSM6928-07. 


MSM6950 
( DAA 
AFE 
CD 


DSP Control 
Serial 2 bytes 


Figure 3 General control data flow 
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CONTROL DATA MAP 


Figure 4 shows the control data map. Each map is represented by the elliptic circle, and is 
classified into the functional roles. The groups A-D correspond to each LSI chip. 







B- 






Modulation 


Mode Definition 






B-Il 
Speed Conversion 
Mode Definition 
B-1V 
Descrambler 
Input/Output 


RESET 
A-| MSM61077 MSM6950 
V. 24 
Interface 
i225 3) 
CLOCK AFE 








Signal Detector 


Output MCU 


DAA 
A-ll GA GEN. 
Internal RD 
Output 
Carrier 
Detector 
A-ill MSM6928-07 


FCD Output 
= 
Status Control 
AFE 


Status Control 


iw) 
n 
Uv 
rt 


C- 


C-ll 
DSP Control SOD Output 


Figure 4 Control data map 
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1) Group A (MSM61077) 
A-1) 

Group A-| are fundamental CCITT V.24 interfaces, that are TD (Transmitted Data), 
RD (Received Data), ST1 (transmitter timing from DTE), ST2 (transmitter timing from 
DCE), and RT (Receiver timing). 

A-Il) 

Group A-lIl are received data outputs directly given from the demodulator, that are D1 
(Internal RD. . .PSK), DO (Internal RD. . .FSK). Those outputs are used when evaluating 
the demodulator performance, or synchronous modem operation. 

A-lil) 

Group A-Ill are the serial control data inputs, that are SDATA (control DATA), GSTB 
(Strobe clock), SCLK (Shift clock). The input data of SDATA are 16 bits data stream, 
whose assignments are described in the General Description. 


Table 1 Control data of Group A (MSM61077) 


Transmitted Data 


Received Data 


V.24 


Interface (A-1) Transmitter Timing From DTE to DCE 


Transmitter Timing From DCE to DTE 
Receiver Timing 


Internal RD Internal RD (PSK) 
(A-I1) | 


Internal RD (FSK) 


Enable DO and D1 Also enable RDIN (B-IV) 
Data 
Gate Array Strobe Clock 


Status Control (A-Ill) 
Shift Clock Same as SCLK in C-l 
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2) Group B (MSM80C51-98/99) 


B-I) 
Group B-I are the modulation mode definitions, that are described briefly in the item 
of Control Data Table and also in details afterwards. 


B-I!) , 

Group B-Il are the mode definitions of Asynchronous to Synchronous Speed Conversion, 
that are 1/2.3 (a rate of speed tolerance), SASO-2 (character bit length selection). They 
are described in details in the item of the General Description. 


B-Iil) 

Group B-lll are the special signal detector outputs, that are TRCD (S1 data detection 
specified in CCITT V.22 bis, S158 (TRCD timer selection), US1D (Unscrambled Mark detec- 
tion). The S1 data is detected by means of observing the threshold energy level at some 
frequencies points, and detection periods are selected to 50 msec or 80 msec by $158 ac- 
cording to the cases of handshake sequence and retrain sequence. The US1D is detected 
through the descramble operation. 


B-IV) 
Group B-IV are the descrambler output port assignments, that are REQF (Enable RDIN, 
DO-1), RDIN (descrambler output at DSPO=1, or descrambler input at DSPO=0), ACK 


(Latch clock for RDIN, DO-1). Those are used when detecting unscrambled or scrambled 
mark at the handshake sequence through the descrambler operation. 
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Group B 


Modulation Mode 
Definition (B-I) 


Speed Conversion 
Mode Definition 
(B-II) 


Signal Detector 
Output (B-III) 


Descrambler . 
Input/Output (B-IV) 
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Table 2 Control data of Group B (MSM80C51 -98/99) 


[enw [vo] cn 





TRCD 


S158 
US1D 


RDIN 
ACK 


Enable Transmitter 


Tone Select 


These pins define the several 
kinds of modulation modes. 
Please see the paper described 
in detail. 


Answer/Originate 


Speed tolerance 


Character Bit Length 


S1 Data Detection 


TRCD Timer Select 


Unscrambled 1 Detection 


Descrambler Output (DSPO=1) 
Descrambler Input (DSPO=0) 


Latch Clock for RDIN 





Note 


FSK, PSK, DTMF, etc. 


+1 .0%/-2.5% or +2.3%/-2.5% 


Specified in CCITT V.22-bis 


50 msec/80 msec 


Latch Clock for DO, D1 (A-II) 
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3) Group C (MSM6928-07) 


C-I) | 
Group C-! are the serial control data inputs, that are EXTFLG (control DATA), DSTB 
(Strobe clock), SCLK (Shift clock). The input data of EXTFLG are 16 bits data stream, 
whose assignments are described in details in the items of General Description and 
Appendix B. 
—C-Hl) | 
Group C-ll are the data signal quality detector outputs, that are SODA (Demodulato 
has no convergence), SODB (threshold level detection of bit error rate). 


' Table 3 Control data of Group C (MSM6928-07) 


EXTFLG Data 





DSP Control 


(C-1) Strobe clock 


DSTB 


SCLK Shift clock Same as SCLK in A-II1 
D i i N 
SQD Output SQDA ata signal quality oO convergence 
(C-I) SQDB Data signal quality Threshold level 


4) Group D (MSM6950) 


D-1) | 

Group D-I are the status control data, DT (formation of call progress tone loop), PT 
(formation of DTMF tone loop), LT (formation of analog loop back), GT (guard tone 
selection), A/O (Answer/originate). Those are described in details in the item of General 
Description. 





Table 4 Control data of Group D (MSM6950) 


Group D © Name 1/0 Function — Note 

DT | Call progress tone loop 
PT i DTMEFE tone loop 

AFE 

Status Control LT I Analog loop back 

(D-1) 
GT I Guard tone select 

| 

MODE | Answer/originate 
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FEATURES OF OKI PC MODEM 224 


. 


L 


CCITT V.22-bis (2400, 1200). 
CCITT V.22 (1200, 600) 
Bell 212A (1200, 300 bps), 


Synchronous Mode operations; 2400, 


1200, 600 bps +/- 0.01%. 


Asynchronous mode operations; 2400, 
(+2.3%, 


1200, 600 bps +1%, 
-2.5%) 0-300 bps (FSK). 
Character length; 8, 9, 10, 11 bits. 
2w-full duplex, and half-dupiex. 


-2.5% 


DTE interfaces of V.24 are TTL com- 


patible. 


IST OF CHIP SET 


MSM6950 Analog Front End 

DSP for demodulation, Adaptive 
MSMGI25-07 equalizer and AGC control 

Timing PLL, Random logic, 
MSM61077 Speed conversion 
MSM80C51- Modulator, Scrambler/descrambler 
98/99 Speed conversion 





Table 5 


Power | Power Dissipation, Unit: mA ; 


Condi- 
tion FLAT 
[=f |e fa 
42 pin |56 pin 
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Included powerful Adaptive Equalizer. 
Tone transmitting capability; 

DTMF tone 

Guard tone (550,1800 Hz) 

Answer back tone (2100, 2225 Hz) 

Test loop facility; Digital loop, Analog 
loop, Remote Digital loop. 

All CMOS chips. 

Power Supplies; +5.0V, -5.0V. 

Typical Power Dissipation; 500 mW. 


Unit: Package 


40 pin | 44 pin 
(-98) | (-99) 
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Figure 5 Functional Circuit Block Diagram 
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OKI PC MODEM 224 APPLICATION CIRCUIT 


MODEO 
DT 
PT 
LT 
GT 
INRS 
FSPS 
DTA 
DTB 
MCP3 
DOP2 
SCP1 
DSPO 
A/O 
$158 
DSS 
SAS2 
SAS1 
SASO 


1/2.3 





MSM80C51-98/99 


1000P 








CARRIER 


DETECT 
CIRCUIT 


10u See Appendix E, 





US1D 
TRCD 
SODA 
SQDB 
RDIN 
D1 
DO 
REQF 
ACK 
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iw) 
© 


EXTFLG 
SYNC 






GSTB 
SCLK 
SDATA 
EXTELG 
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Figure 6 OKI PC MODEM 224 Application Circuit 
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INTERFACE SIGNAL DESCRIPTION 


Interface 


DT 


PT 


LT 


GT 


MODE 


A/O 


INRS 


DTA 


DTB 


MCP3 


DOP2 


SCP 1 


DSPO 


FSPS 


Description 


MSM6950 (AFE) mode definition. 


ORIGINATE (Transmit—Lowband) pac a | 
ANSWER Tenemit [Nowmrdione | 11 | 
—Highband) 
Note: Guard tones shall Guard tone; 550 Hz fo} o}o| 
be transmitted 
Guard tone; 1800 Hz Fo jola 
DTMF tone, Answer Tone or i A 
X X xX 
Xx xX | X 






G) 















when DT=PT=O0O only. 


Highband 





Analog loop back 


Lowband 


Answer/originate selection 


0; ORG (Transmit—Lowband) 
1; ANS (Transmit—Highband) 


0; Transmitter enable | 
1; Transmitter disable 


0; FSK modulation, Answer tone, 1; PSK, QAM modulation 


DTMF tone 


Foe al Reversals (Note 2) 











aa Answer | FSK (mark) a S1 data (Note 1) 
Scrambier/descrambler instigation 


Note 3) 
O; OFF 1; ON 


o DTMF tone (DTA = 0, DTB = 0) 


® See DSS column 
Refer to Table 6 


o Answer tone (DTA = O, DTB = 1) Scramblarconiel 


0; Unscramble 
Refer to Table 7 1; Scramble 


Descrambler control 
0: Undescramble 
1; Descramble 





Note 1) S1 data: Unscrambled repetitive double dibit pattern of 00 and 11 
at 1200 bps. 

Note 2) Reversals: Alternating binary ones and zeros. 

Note 3) To detect a sequence of 64 consecutive ones and to invert the next 
input. During Handshake and Remote DC Loop instigation, MCP3 
must be Low. 

.Note 4) When analog loop back, MODE assignment is in reverse for A/O 
assignment. 
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Interface Description 


DSS Data signalling rate selection 
(Valid when PSK modulation) 


Data signalling rate DOP2 | ° 


ee 
2400 bps Special Signals 
(invalid when DTA=1, 
DTB=0) 
1200 bps | PSK (4phases) Ee | 
at et J 


600 bps PSK (2 phases) 


Speed conversion tolerance (Asynchronous mode) 
0; +1.0% 1; +2.3% 
~2,5% ~2.5% 










Refer to Table 
10 for details. 





1/2.3 


RESET Reset 


0; Normal operation 
1; Reset 


$158 Timer selection of S1 data detection 


0; 50 msec (Handshake) 
1; 80 msec (Retraining start signal detect) 


SAS2 Character bit length select | 


1 


BELL 
CCITT 


Fast carrier detection Note) Carrier detect circuit must be provided 
0; CD—ON using the discrete components. Refer. to 
1; CD — OFF _ Figure 6. 






SAS1 






Asynchronous 
SASO 





O 


SQDA Signal quality detector A (Optional function) 
(Retrain request) 
0; Normal quality 


1; Abnormal quality 
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Interface 1/0 Description 
SQDB Signal quality detector B (Optional function) 
(Bit error rate) 
O: BER (predictive) is under 1073/10-4 
1; BER (predictive) is over 1073/1074 ~ 
See SQDC in Table 9. 
TRCD S1 data detector output 
O; Not detect t, : 50 or 80 ms (Selected by S158) 
1; Detect t, <10 ms 
Received signal ““~ ~_ | Sidata —_ ee 
~<_| S1 data ae 
aC 
t, 
TRCD 0 | 1 | 0 
US1D Unscrambled mark detect output 
To detect unscrambled mark (digital ‘’1'’) for 154 ms. 
DO Unscrambled “1° 
| 
we | 154 m sec ee 
(Valid when FCD = “‘0”’) 
ACK Latch clock for DO, D1, RDIN. 
(Valid when REQF = 1) 
rc Receiver si 
ACK riot 
REQF 
DO, D1, SS ee 
RDIN.’ | Data | 
aes tT >> 20wu sec 
REQF Status indicator of DO, D1 and RDIN data 
0; Invalid 
1; Valid 
DO Internal RD (PSK) 
(Undescrambled RD) 
0; Space 
1; Mark 
D1 Internal RD (FSK) 
O; Space 
1; Mark 
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Interface Description 
RDIN O | Descrambler input/output 
DSPO = 0; RDIN is the undescrambled data. 
DSPO = 1; RDIN is the descrambled data. 
TD Transmitted data 
(V.24 interface) 0; Space 
1; Mark 


ST1 


Transmitter signal element timing input (to MODEM) 
(V.24 interface) 


ST2 


Transmitter signal element timing output (from MODEM) 
(V.24 interface) 


Received data 


0; Space 
1; Mark 


RD 
(V.24 interface) 


RT 


Receiver signal element timing output (from MODEM) 
(V.24 interface) 


AOUT Transmit analog signal output (to phone line) 


AIN 


Receive analog signal input (from phone line) 


LI 
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Interface 


SDATA 


SCLK 


GSTB 


DSTB 


EXTFLG 


a 2: SE: ee ee |: 


Interface 1/0 
+5 V 
-5V 


GND 
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Description 


1. Serial control data for MSM61077 (GA) 


(First) (Last) 
wwe “foul [] Talal 
SCLK eee TPL 
aol | 
GSTB — | 
- 


T>1ys 
Note: As for the description of D, ~D,,, refer to the Table 8. 


2. Serial control data for MSM6928-07 (DSP) 


(First) (Last) 


ox axles]. 


SCLk JHU — UUU 
ote i ——“—S—S—C—s—sY SE 


T>1 Ms 


Note: As for the description of D, ~D,,, refer to the Table 9. 


Description 
Positive power supply 
Negative power supply 


Ground, OV 


Note) Higher dual power suppiies, for instance, +12V may be necessary for the analog line interface 
circuit when the transmit and receive analog signal level cannot be satisfied with +5V power 


supplies. 
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Table 6 DTMF Tone 


SCP 1 DSP O Lowband Frequency Highband Frequency 


0 Lt. po 852 1209 
0 a g52 1336 


85 1477 
941 1336 
941 1209 
941 1477 
697 1633 
770 1633 
852 1633 
941 1633 


ee ee 


Table 7 Answer Tone 


—_ 










Answer Tone Frequency 
2100 Hz 
2225 Hz 
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DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 


D8 


D9 


D10 


Ss 


Table 8 MSM61077 Serial Control Data Table 


TESTA 


DSS1 


SDCLP 


GA123 


GAVB 


CD1 


CD2 


GADC 


GASAS 


GALSHS 


GASLSH 


Description 


O; Normally set at digital ‘’L’’ level. 
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1; Test mode. In the testing mode of this I.C., digital ‘‘H’’ have 


to be applied 
Data signalling rate select 
0; 2400 bps 
1: 1200/600 bps (refer to D7) 








Enable GASAS, SWLA, SWLB 
0; Disable note 1) 
1; Enable 





Speed conversion tolerance selection 
0; +1%/-2.5% 
1; +2, 3%/-2.5% 


Speed conversion method selection 
0; CCITT 
1: Bell 


Receive timing PLL control 
O; Free run 
1; Normal operation 


Lock in time control of receive timing PLL 
0; Slow 
1; Fast 


Data signalling rate select 
0; 1200 bps 
1; 600 bps 


Received Data (RD) select 
0; Asynchronous’ (Receiver speed converter output) 
1; Synchronous (Direct demodulator output) 


Speed conversion control 
0; Asynchronous (Enable speed converters) 
1; Synchronous (Disable speed converters) 


Transmission mode control for AFE (6950) 
0; 600/1200/2400 bps 
1; 300 pbs, DTMF, Answer Tone 


Originate or answer mode select 
0; Answer (Transmit — Highband) 
1; Originate (Transmit — Lowband) 


Note 2) 


Note 3) 


Note 4) 
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No. Description 









9 bits 


D12 SWLA Character bit length (Asynchronous mode) 


D13 SWLB SWLB SWLA Character Length 


a 
D14 STA Transmit element timing select 





D15 STB 





Note 1) When SDCLP=0, don’t change GASAS, SWLA, and SWLB. Keep the previous status. If changing 
GASAS, SWLA and SWLB when SDCLP=0, mis-operating may happen in the IC. 
Note 2) In case of receiving FSK signal, GADC must be HIGH. 
In case of synchronous operation (PSK, QAM), Both GADC and GASAS must be HIGH. 
In case of asynchronous operation (PSK, QAM), Both GADC and GASAS must be LOW. 
Note 3) Speed converters mean SYN/ASYN and ASYN/SYN converters. 
Note 4) When GADC=1, if GALSHS=1, RD is demodulated FSK signal. 
if GALSHS=0, RD is demodulated PSK or QAM signal. 
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O 
o>) 


D1 


D2 


D3 


0 
B 


DS 


D6 


D7 
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Table 9 MSM6928-07 Serial Control! Data Table 


Name 


XFCD 


TAPH 


EGCO 


EGC1 


AQID 


PLCR 


Description 


FCD (carrier detect) signal for Demodulator 
0; OFF (Set 0 when FCD = 1) 
1; ON (Set 1 when FCD = 0) 


AEQL operation control 
0; Active 
1; Hold 


Demodulator data signalling rate select 


4 phase PSK 
2 phase PSK 


Note) Not related to FSK mode. 





AEGL tap coefficient control 


EGC1 EGCO See Appendix B. 





Note) a, =0 (Tap hold) 


Adaptive equalizer (AEQL) reset 
O; Reset (Set the center tape) 
1; Normal operation 

See Appendix B. 


Carrier PLL reset 
O; Reset 
1; Normal operation 
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No. 


D8 — 


D9 


D10 


D11 


D12 


D13 


D14 


D15 


H-A-102 


PLEN 


SANSORG 


AGCTO 


AGCT1 | 


SQDC 


TRCDC 


XFCD1 





Description 


Carrier PLL enable 
0; Disable 
1; Enable 


Originate/answer mode select for receiver 
0; Answer = (Receive — Lowband) 
1; Originate (Receive — Highband) 


AGC circuit control coefficients 


See Appendix B. 


Threshold level selection for SQDB 
0; High (~10-3) NOTE) Does not mean to measure 
1; Low (~107*) the bit error rate itself. 
See Appendix B. 


LPF accumulate register clear for SQDA and SQDB 
(signal quality detecter) 

0; Normal operation 

1; Reset 
See Appensix B. 


Threshold level for S1 data detection 
0; Low (Handshake). 
1; High (Retrain) 


DSP software reset except for AGC control 
0; Normal operation 
1; Reset 
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Table 10 shows the summary of transmitter mode definition. Table 11 shows the 
category of control data. 


In table 11, Initial Installation means the initialization procedure at power ON, or at 
make up call. Call Progress means dialing procedure concerning the transmitting DTMF 
tone and detecting call progress tones. Handshake means Handshake sequence specified 
in the CCITT recommendation or BELL 212A Critera. Test Loop means testing procedure 
specified in the CCITT recommendation or BELL 212A Critera. 


Monitor means the output signals which the controller should observe during handshake 
sequence or data mode. Each control data is classified into these categories, and some of 
control data belong to different categories in duplicate. 


Please note that each control data will be mainly controlled in each procedure, but in 
special case, may be controlled in other procedure. 


M-A-103 


vol-vV- 


td 
EI 
X: Irrespective of 1/0 


Table 10 Transmitter Mode Definition Table 1: Logical High 
0: Logical Low 


GA 
FSPS MCP3 DOP2 SCP 1 
Operations possi | osso | GALSHS 


<I AGES ERES CREAR CREA SR ED 
mare | @ ee) mee | 
wows fee | | em ep 
[ef eee 

fom fe fete pep fpf pep 
PSK 

roe fe f+ fe ets lt [efile 
ee ee 

nw Peet ete tee 


Tee a ee an pe 


DATA 


Special Signal 


Reversals * 
Pett Popo po ft to} x} eo fe |] x | 


* When DOP2 = 1 and DSS = 0, Data Signalling Rate between DTE and Modem is at 2400 bps. 
But, Modulation Rate is maintained at 1200 bps. These mode shall be difined in the handshake sequence. 


x< 
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Parallel Control Data 
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Table 11 Category of Control Data 


~ Call Hand- Test 
Progress shake Loop 


Initial 


Installation Monitor Notes 


| 
i 
i 


DTMF Tone Loop, Dial Tone Loop, with or without 
| Guard Tone. . 
When LT = 1, AC Loop will be formed in 6950. 


A/O When AC Loop Test, Transmitter mode must be in reverse. 


FSPS | 


Transmitter mode definition 
e DTMF, Answer Tone, 
| eFSK, PSK, QAM 
e Unscramble, Scramble Mark 
@ Data Signalling Rate 


SCP 1 


1/2.3 

RESET 
$158 shall be controlled as same as TRCDC. 
SAS2 


n” 0} s/ 0/0 GQ) I |ViO 
n 0/0) 0} > 
= NI} 0 


EL ere 
Ure t TTT Te iene 
MT TLTLTLTATE 

[etnmemerret ITLL 


SASO Rater oe) 
/FCD =| ssid FCD status shall be always sensed in real-time. 

SQDA He ae | Controller should observe SQD output frequently in 

SQDB Pe ope ae areal order to request Retrain sequence if necessary. 
|TRCD | 

Gere ae In Data mode, US1D shall be used to detect RDL 
PACK eee eect 

REQF Po By observing DO, D1, and RDIN at the same time, 
MhDO, |. | Controller can recognize whether received signal is 
D1 = et unscramble-1, scramble-1 or FSK mark. 
a ar aa 
csc ee See These signals are V.24 interfaces. 
Controller shall intermediate to accomodate these 
(RD =—0hT—sSY signals to the proper V.24 interface timing and status. 
is i ern 

AOQUT ee see all | Analog input and output in 6950. 
PAIN, 


@ LAS dIHd Sdq OOZ -NSGONW ¢ 
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Test Monitor 


I~ 
fe) 
Oo 
xe) 


Initial Call Hand- 
Installation Progress ' shake 


TESTA eee 
ae 
SDCLP a aa 


GAL23 


ee ON a 
GAVB | OT 
aa 


DSSO. 
GADC 
GASAS___ 
GALSHS 
GASLSH 

SWLA 
SWLB 


GA Serial Control Data 
aIN 
wi inl 
NQ| = 


XFCD 
TAPH 


EGCO 
EGC1 
AQID 
PLCR 
PLEN 
SANSOR 
AGCTO 
AGCT1 
SQDC 


Oi” 

4/44 

| > 
a 


DSP Serial Control Data 


TRCDC 
- XFCD1 


Notes 


TESTA must be Logical Low. 


a 


| Timing PLL of demodulator. 


GALSHS controls write clock of 6950. 
When AC Loop Test, GA mode must be in reverse. 


| 


In RDL, both STA and STB shall be Logical High. 


XFCD equals to negative logical state of FCD. 
Tap hold control for AEQL. 


| 


| 


Data signalling rate of PSK/QAM demodulator in DSP. 


These are no relationship with FSK demodulator in DSP. 


Adaptive EQL control 


Carrier PLL control 


AGC control 


SQD control 
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HANDSHAKE SEQUENCE 
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Figure 7 to Figure 14 show the timing charts of control data in the Handshake Sequences 


as follows. 

Figure 7 2400 bps Orig. Modem CCITT 
Figure 8 2400 bps Ans. Modem CCITT 
Figure 9 1200 bps Orig. Modem CCITT 
Figure 10 1200 bps Ans. Modem CCITT 

- Figure 11 1200 bps Orig. Modem BELL 
Figure 12 1200 bps Ans. Modem BELL 
Figure 13 300 bps Orig. Modem BELL 
Figure 14 300 bps Ans. Modem BELL 


The timing charts of control data in CCITT 600 bps Orig./Ans. are same as those in 


CCITT 1200 bps Orig./Ans. except for data signalling rate assignments. In CCITT 600 bps, 
data signalling rate assignments, (DSS1, DSSO) of GA, (DSS1, DSSO) of DSP, and 
(DSS, DOP2) of MCU are logical high each other. 


| Before studying Handshake, please read the CCITT | 
| recommendations of V.22 and V.22-bis, also BELL | 
{| 212A Critera carefully ! ! ! | 


Supplementary Comments about Handshake Sequence. 


(Originate Modem) 


1) 


2) 


3) 


4) 


5) 


Originate modem shall wait the answer tone transmitted from the answer modem after 
dialing procedures. The answer tone detector of 2100 Hz is not incorporated in this 
chip set, therefore, carrier detection circuit is functioning as the detector. But the 
answer tone of 2225 Hz will be correctly detected by FSK demodulator in DSP through 
D1 output pin installed at GA.. 

AGC control should start after XFCD turning OFF to ON, After 20 ms, AGC output 
level deviation will be converged within a limited range. 

In CCITT mode, Carrier PLL control of PLEN and PLCR should be controlled 20 ms 
later at the head of unscramble-1 in order to detect unscramble-1 correctly. 

There are two methods to recognize unscramble-1. One is to observe US1D output, 
and the other is to observe DO output. 

AEQL control should start 100 ms after the end of S1 data (2400) or the end of 
unscramble-1 (1200). Because it takes 100 ms for timing PLL to be locked in a 
tolerance range. 
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6) 


In 2400 bps establishment, after recognizing S1 data each other, Data Signalling Rate 
for DTE shall be changed to 2400 bps. From this time, Data Signalling Rate of GA 
will be changed to 2400 bps, and also Data Signalling Rate between GA 
and MCU will be changed to 2400 bps. Transmitter should, however, transmit the signal 
of S1 data or scramble-1 at 1200 bps. At this time, special signal transmitting mode is 
prepared. When DOP2=1 and DSS=0, Data Signalling Rate is at 2400 bps, but modula- 
tion is maintained on 4 phase at 1200 bps. In this case, transmitter decimates the 
incoming signal at 2400 bps, and keeps modulation on 4 pahse PSK at 1200 bps. 


(Answer Modem) 


1) 


2) 


3) 


4), 


5B) 


Generally speaking, Answer modem should adopt own data signalling rate to the op- 
posite modem (Originate modem). Therefore, Answer modem must observe the several 


kinds of incoming signals at the same time because Answer modem can’t know whether 


Originate modem is set on 300 bps, 1200 pbs, or 2400 pbs. In this case, the first judge- 
ment will be decided when detecting the first incoming signal, that is S1 data, scramble- 
1, or FSK mark (1270 Hz). 

In this situation, when DSPO is set on High, $1 data, scramble-1, and FSK mark can 
be detected at the same time through TRCD, RDIN, D1 outputs, respectively. 


In Answer modem, AGC control, carrier PLL control, and AEQL control are almost 
same as those of Originate modem, but those control sequences are not separated unlike. 
the Originate modem. As shown in the timing charts, each sequence should be control- 
led orderly (control after control). 


In 1200 bps/BELL establishment, scramble-1 signal should be detected while transmit- 
ting Answer tone. In this case, the state of DSPO concerning to descrambler control 
will be neglected because of Low state of FSPS. Hence, descrambler is uncontrollable 
externally at this time. But, if DSPO is set on High before FSPS turning to OFF, the 
previous state (that is logical High) of DSPO will be memorized in MCU, and as the 
result, descrambled output data will appear at RDIN. 


In FSK receiving, the control sequence concerning about carrier PLL, timing PLL and 
AEQL of demodulator will not be cared. 


In Data mode, US1D output shall be used as interrupt signal for controller to reply 
remote DC loop test requirement of the opposite modem. 
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CONTROLLER FOR COMMAND INTERPRETTING AND 
HANDSHAKE SEQUENCING, PHONE LINE INTERFACE 

The chip set provides only the original MODEM functions as described, therefore, it is 
necessary to implement the controller with software, some network control circuit and 
phone line interface. 


Figure 6 (Application circuit) includes only the original MODEM functions, and does 
not show the additional functions which are required to realize the stand-alone MODEM. 


Figure 15 shows one example of the block diagram for it. 


OKI wishes to support customers for the design of the whole modem, and intends to 
provide an example of the controller and command interpretter with software. 


: TELEPHONE 


LINE 
‘INTER- PHONE 
FACE | LINE 

CIRCUIT 


7 RINGING SIGNAL DETECT 
1/O (Figure A-1) || | OFF-HOOK DETECT 
PULSE DIALING 
DC LOOP CONTROL 
AUDIO MONITORING 
CALL PROGRESS TONE 
DTE INTF. 
(RS-232C), <—Y DETECT 
| CONTROLLER | 


ORIGINAL 
MODEM 


(Figure 6) 





MODEM MODE 4_n 
CONTROL 


Figure 15 Intelligent MODEM block diagram 
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APPENDIX A 


Figure A-1 shows the example of the interface circuit between the controller and the 
OKI PC MODEM 224. The main function of this circuit is to convert the serial bits stream 
into the parallel bits stream. MSM82C55 acts as to expand the output port of the controller, 
that is 1 byte to 3 bytes. And some gates, latch (HC574F) are auxilialy prepared to supply 
the diagnostic signals (TRCD, US1D, ... etc) to the controller. 
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Figure A-1 An example of the interface circuit between OKI PC MODEM 224 and controller 
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APPENDIX B 
Figure B-1 shows the functional block diagram of the demodulator (MSM6928-07). 


In many cases, the demodulator functions are masked and uncontrollable, therefore, 
their performance largely depends on the chip itself. In case of the OKI PC MODEM 224, 
however, some blocks in the Fig. B-1 are controllable and adjustable to adapt the demodulat- 
ing environment with flexibility, so that the demodulation performance, that is the con- 
vergence ability of the adaptive equalizer, or bit error rate, could be improved. 


The OKI PC MODEM 224 allows the following functions to be controllable and 
adjustable. 


1) AGC Control 

2) Signal Quality Detector 
3) Carrier PLL 

4) Adaptive Equalizer 


Items of 1), 2), 4) are described in details as follows. 


(MSM6950) 
. 
P/S 


A/D out | a Adaptive EOL & 
(MSM6950) SOD 


RD (PSK) 


ik 


SQDA/B 


ik 
< 


LPF 


FSK 
Demodulation RD (FSK) 


Timing 
Extraction R-PLL 


Figure B-1 Functional block diagram of demodulator 
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| (1) AGC Control 


Figure B-2 shows the schematic explanation of the AGC control given to the AFE through 
DSP output port. These control are done by the following processes. 7 


1) Calculating the carrier power of the present input signal. 
2) Comparing the power value with the predetermined reference value (Vref). 
3) Feeding the subtracted value back to the AFE. 


When the FCD (carrier detection) turn OFF to ON, the error value is immediately fed 
back to the AFE to chase the input signal. But, when the input carrier level become 
into the steady, we had not better control the error value frequently because DSP could 
follow the carrier deviation sensitively even though it might be the instant carrier loss 
or its ripple. Therefore, the feed back quantity should be decreased at that time. Beta 
1-3 are supplementary coefficient multiplied by the error value, and selected by AGCTO-1 
listed in the table. . 






MSM6950 | ~~ MSM6928-07/AGC control 
Carrier 
AGC | A/D >| Power (—) 
Calculation 





Supplementary 
coefficient 











Note: 0<8, <f, <6, <1 


Figure B-2 AGC control 
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(11) Signal Quality Detector Output 


DSP includes the self-diagnosis function for the demodulated signal quality as shown in 
the Fig. B-3. Both SQDA and SODB are output results of its function. The error value of 
the area decision is passed through the digital lowpass filter with a large time constant as a 
integlator, the output of which is compared with the predetermined threshold level by the 
digital comparator. 


The comparator-A compares the.LPF output with Vr1, and outputs the result of SODA, 
which means that the status of demodulator is no convergence when it turns to the logical 
High level. This information shall be used for the retrain requirement to the opposite 
modem. 


The comparator-B compares the LPF output with Vr2 or Vr3, and outputs the result of 
SODB. Either Vr2 or Vr3 is selected as the threshold level for comparator-B by the control 
signal of SQDC. The SQDB means that the bit error rate of the demodulator section might 
be seemed to overreach the rate of 107° or 10 when it turns to the logical High level. 


Please note that the Vr2 and Vr3 which correspond to the preset rate of 107° and 
10+ respectively are experimental values so that there are some difference between a 
measurement value and a predictive value. 


As mentioned before, the LPF has a large time constant, therefore, the internal accumu- _ 


lated register of LPF can be cleared by the SODEM to avoid the large transient time 
responses. 





(Appendix B) 


Xx RD (PSK) 
from AEQL P/S & SOD} 
Y; SQDA/B 
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(Ill) Adaptive Equalizer 


In the demodulator, the adaptive equalizer takes an important charge of it on to deter- 
mine its performance, and also has sophisticated functions. The OKI PC MODEM 224 
adopts the MSE (Mean Square Error) method as the algorism of Adaptive Equalizer. Figure 
B-4 shows the schematic diagram of adaptive equalizer. When the FCD (carrier detection) 
turns OFF to ON, the adaptive equalizer begins to study the actual line condition in the 
training sequence, and determines the adaptive tap coefficients of the equalizer. At that 
time, to set the center value to tap coefficients of the equalizer (AQID = 0) would not 
only provide good convergence for demodulator speedy, but facilitate the following 
processes of equalizer algorism. And then, we should immediately renew the tap coefficients 
by adding or subtracting the error value. However, after the training sequence, we had 
not better change the tap coefficients frequently because Equalizer could follow the line 
environment changes sensitivity ever though it might be a little bit change caused by the 
frequency hit, jitter, or some other factors. Alpha 1~4 are supplementary coefficient multi- 
plied by the error value, and selected by EGCO-1 listed in the table. 





H (t) 





pTapDeay Line Delay Line 


ie 


f—Preision Cont Cont 


X (t) 







Y (t) 


Decision 
Control 


Cj (i=1~ 4) +— Cita + AC; 


\ Error value 


Supplementary 
coefficient 





Setting up center value 
(AQID = 0) 





Note: 0 =a, <a, <a, <a, <1 


Figure B-4 Adaptive equalizer 
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APPENDIX C 
Initial Adjustment 


Trimming for Reference Voltage 


Figure C-1 





VR2 should be trimmed so that the DC voltage on pin 26 becomes +2.50 V. 


Adjustment for Transmit/Receive Signal Level 


60022 


1000 pF 





Figure C-2 


_ First, connect a 600 Q signal source to the transformer (normally 1200 Hz). 


Next, make the signal source level minimum and make the modem send the single tone 
signal to the phone line through the hybrid transformer. 


Then, tune VR¥so that the signal between point A and B should become —10 dBm. 
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Stop the modem to send the transmit signal, and set the signal level between point A and 
B at —10 dBm by increasing the signal source output level. 
Then, tune VRR so that the signal on AIN (pin 27) should be 0 dBm. 


Note 1: 0 dBm = 0.775 Vrms | 
The input impedance of a level meter used for measurments must be “’High”’. 


Note 2: The mode of the level meter should be ‘‘Balance’”’ when measuring the signal level 


between point A and B. : 
“Unbalance’’ mode should be used when measuring the signal level on AIN (pin 


27), AOUT (pin 30). 
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APPENDIX D 


Decision Point Monitoring 


Decision point monitoring is the practical evaluation method. 
It can be easily performed by using XIC provided on the evaluation board and the 
external monitoring circuit. 


MSM6950 Pin11 
Pin25 


MSM6928 


MSM6928 


oOo ON OO FB WwW NN 


—_ =a 
—_ 


ia) 
o=0 
sO 
ame” 
———o 
amen: © 
——o 
=O 
saan” 
0 
—? 


Figure D-1 





At first, it is required to put a 22 pin — IC socket into XIC’s holes by soldering. 
Figure D-2 shows how to connect the external monitoring circuit (drawn in figure D-3) 
through the XIC’s socket. 






Monitoring 
Circuit 
(Figure D-3) 







X Oscillo- 
Y Scope 






XIC 
OKI PC MODEM 224 Eva. Board 






Figure D-2. 
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Figure-5. DECISION POINTS 


5.0k 2.5k 


—12V 
+12V 
16 0.14 
0.014 
—12V 
14 2.5k 
+5V 
2.5k 
5.0k 2.5k 


2.5k 


MONITORING CIRCUIT 


Oscillo-scope 
[X] 


Oscillo-scope 
{Y] 


* XIC is provided on the modem evalu- 
ation board. BO~B15 are connected 
to pin25 through pin40 of MSM6928 
and ST is connected to pin11 of MSM 
6950. 
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APPENDIX E 


The chip set does not include the carrier detect function, therefore, it is necessary to 
implement this function using discrete components. 


Figure E-1 shows an example of carrier detect Circuit. In this circuit, OPA 4% requires 
the power supply voltages of more than +9V. When using +5V for operational amplifier, 
it is necessary to re-design this circuit, especially for the part of threshold detector with 
hysteresis constructed by OPA 4%. 


For normall 2400 bps modem systems, it is difficult to apply +5V as power supply 
voltages for: line interface circuit. Because QAM modulated analog signal has the peak 
factor for the wave form and +5V are too low to guarantee the linearity of the QAM analog 
signal. For 300 bps (FSK) and 1200 bps (PSK) modem systems, +5V power supplies may be 
used for the line interface circuit. So, when the chip set is applied for 300 or 1200 bps 
systems and the power supply voltages are +5V, the carrier detect circuit shown in Figure 
E-1 can not be applied without re-designning. 


5.1K 
5.1K OPA 3% 
OPA 1% 100K A 


MSM6950RS nee ed OPA ay _OPA4Y 


Pin 38 
10K 
0.2 
2 
ic o1K OPA 174 


Pin 26 


+(9~15)V -(9~15)V 


Figure E-1 An example of external carrier detect circuit 
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GENERAL DESCRIPTION 


The MSM6928-06 is a digital signal processor which is used as a demodulator in the 
chip for 1200 bps full duplex modem based on Bell 212A standard or CCITT V22 standard. 


The MSM6928-06 operates as a PSK demodulator, FSK demodulator, FCD detector 
etc by using the digital signal processing method and it transmits the AGC signal to the 
MSM6950 (Analog Front End). 

The MSM6928-06 is fabricated by OKI’s low power consumption CMOS silicon gate 
technology. By utilizing MSM6928-06 together with MSM6950, MSM80C31 (Modulator), 
MSM61057 (Asynchronous/Synchronous Switching, etc.), MSM81C55 and MSM2764 
(or MSM27C64), an intelligent modem system based on Bell 212A or CCITT V.22 standard 
can be realized easily. 


FEATURES 


@ PSK Demodulation 
The received signal is multiplied with 


@® FCD Detection 
In the FCD detection block, the level 





an internal demodulation carrier, and 
input to the next stage PDF, as a 
baseband signal. The PDF output is 
generated as the demodulated PSK- 
RD after the line distortion, is cor- 
rected by an automatic equalizer. 


FSK Demodulation 
The received signal is demodulated 


through a BPF, a delay detector, and 


an LPF, and then output as FSK-RD. 
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of the input signal is calculated and 
compared with a threshold level. The 
detection result is output as FCD. 


AGC 

In the AGC block, the power of the 
input signal is calculated and its dif- 
ference from the reference voltage 
is output as the control signal for the 
Analog-Front-End variable control. 


_ 42 pin plastic DIP package or 60 pin 


plastic flat package. 
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PIN CONFIGURATION 


MSM6928-06RS 


(Top View) 

DSTB VDD 
TESTB BSC 
RESET [ao] EXTB 15 (MSB) 

STEP EXTB 14 

MCK (51 EXTB 13 

ENDF Ce] EXTB 12 

INSCK EXTB 11 
(LSB) STF O L8) EXTB 10 

STF 1 (3, EXTB 9 

STF:2 EXTB 8 

STF 3 EXTB 7 

STF 4 EXTB6 

STF 5 EXTB 5 

STF 6 EXTB 4 

STF 7 EXTB 3 

(MSB) STF 8 [6 EXTB 2 

START EXTB 1 
SYN G8] EXTB O (LSB) 

EXT FLG [24] TEST D 

SCK TEST C 

GND TESTA 


42 pin DIP package 






MSM6928-06GS 
ono mutrmMne- Oo ree 
Wiki hk kt ma 
oR Geos auncnoees 
FIEIBIBISISISIGIEISISIGIBIEISIE 
START 130) NC 
SYN [48] [29] MCK 
EXT FLG [49] STEP 


NC [50] 127) RESET 
SCK 26} TESTB 
GND 125] DSTB 

NC NC 

TESTA (23) VDD 
TESTC [65] 122):'NC 
TESTD [56] 121) BSC 
EXTBO 20), NC 

NC (68) HIJIEXTB 15 

EXTB 1 [59] 18} EXTB 14 
EXTB 2 L601 Li7Z7iNC 


60 pin FLAT package 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Rating Unit Remark 


Item Symbol 


Power Supply Voltage -0.3 ~ +7 


< 
0 
0 


Input Voltage | VIN -0.3~ Vpp 


Power Dissipation 


i 
2) 
ne) 


Operating Temperature Range -10 ~ +70 


+ 
n 
— 


" alec 


Storage Temperature Range -55 ~ +150. 


Guaranteed Operating Range 


Item Symbol Rating Unit Remark. 


Power Supply Voltage | D - +4.75 ~ 5.25 


° 


—| 


i 
» | Oo 


Ambient Temperature Range 0 ~ +60 


Static Electrical Characteristics 


Vpp =5 V +5%, Ta = 0 ~ 60°C 
1 Item Symbol .| Condition ‘Unit | =~ Remark 


VOH 


= 
pe) 
x 


an ; 
< 
ze) 
oO 
ee) 


VDD 
Output Voltage 


Input Voltage 
VIL ; 

Input Leakge GND < Vin 

Current | IL <Vpp 


Bus Output ~ BVOH 
Voltage BVoL 


Bus Input BVH 2.4 
Voltage BV) _ 


ad 
pS 





VDD 


6 Nid A 
WwW Fi wo N 


4.2 





<j < 
Bille ye 
tir 


oO S 
pp | ro) 
— 


Bus Input GND<ViIN | @ BUS OFF 
Leakage Current _ BIL <Vpp +10 | WA Condition 


Operating . 
' Current — 35 MCK: 5529.6 kHz 
Quiescent 
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Limit | 


Item Symbol Condition Unit Remark. 
Min 


BSC-EXTB 
Delay Time TD Timing Chart A 
Rise Time TR 
Fall Time T 

DSTB-EXTB 
Pusle Width Timing Chart B 300 
Setup Time TSET 100 
Hold Time THOLD 

SCK-SIN 
Pulse Width Timing Chart C 

- Setup Time TSET 100 
Hold Time THOLD 100 

SCY-SYN 
Pulse Width Timing Chart D 
Setup Time TSET 

Hold Time THOLD 


START-START FLAG 


Max 


Common to 
EXTBO~ EXTB 15 
100 


a] 


oO 


Refer to Figure 1 


a 
NO 
o) 
Oo 


+ 
= 


Refer to Figure 1 


en 
= 


Refer to Figure 2 


= 
= 


Refer to Figure 2 


Timing Chart E 





Pulse Width Tw 1300 be 
Setup Time TSET | mck =5529 6 kHz | 100 | - | Refer to Figure 3 
+1x 107 
Hold Time THOLD 
MCK 
Rise Time TR Timing Chart F 30 
Refer to Figure 3 
Duty Ratio ie 9s | 105 
Frequency 5529 | 5530 | kHz 
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PIN DESCRIPTION 


Pin Name 


1/O 
prs | cs 
wal ea ad 
vec |e 
ENDF 6 31 four 
INSCK 7 | 32 [our 
sro |e [a |m 
we [|e fm 
vez [|e [m 
re |e fol 
ves [w fo fm 
sre [fo [m 
cer [w [afm 
sre [w|i 
samt fv [| 
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Function 


Loads the signal on EXT Bus into Input Register. " 


Test signal. Loads the signal on internal bus into Output Register. 
1: Load, O: Normal 


Operation start instruction signal. Operation in synchronization 
with ._f Y . 
1: Stop, O: Operation start 


Selects either of continuous operation and single step operation. 
1: Continuous operation (Normal) 
O: Single step operation 


Master clock signal, normally 5529 6 kHz. 
Program specifying sync signal. 
Machine cycle sync signal. 


External specifying address signal 2° (LSB) 


External specifying address signal 2? 





Exiamel specifying address signal 2? 
External specifying aaa signal 2° 
External specifying address signal 24 
External specifying Pee acaad 2° 
External specifying address signal 26 
External specifying address signal 2” 


External specifying address signal 28 (MSB) 


Operation starting sync signal. Loads external specifying address. 





Causes the serially input jump condition to be loaded into EXT FLG 
Register in the parallel form. 


Serially input jump condition. This signal is loaded into S/P on the 
negative-going edge of SCK. 


Serially input jump condition loading clock. 


Ground. 


Pin Name 


TESTA 


TESTC 

TESTD 

EXTB O 
EXTB 1 

EXTB 2 
EXTB 3 
EXTB 4 
EXTB 5 
EXTB 6 
EXTB 7 
EXTB 8 
EXTB 9 
EXTB 10 
EXTB 11 
EXTB 12 
EXTB 13 
EXTB 14 


EXTB 15 
BSC 


VppD 


22 


NO 


6 


NO 


Ww 


Ww 
~ 


i OO ié¥) w Ww wo wo WwW NO NO NO NO NO 
NO _ © | Oo ol as és) N = 2) ce] ioe] Ni ol pb wo 


Ww 


9 


b 


0 


—_> 


NO) 


NO = = ol G) 


5/5/5/3/8/3/5]3/5/5/ 8/5] 5| 3 


fe) 
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Function: 


Test signal. Holds Program Counter. 


0: Hold, 1: Normal 
Test signal. 
Test signal. 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 
External bidirectional bus 


External bidirectional bus 
1: Input, O: Output 


Power supply +5 V 


2° (LSB) 
91 

92 

93 

94 

95 

6 

91 

78 

29 

2100 

911 

912 

913 

914 

21° (MSB) 


specifying signal. 
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DUT LSI 


R = 4.7kQ 
C= 50Pe 

V =5V,0V 
ae CC 


EXTBxx 


Loading Condition 


BSC 


EXTB 


10% 
0~15 ae 


Fa 90% 





Timing Chart A 


DSTB 


Tw 


EXTBo~15 





Timing Chart B 


Figure 1 Test conditions and timing charts 
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SIN 


SCK 


SYN 
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TW 





THOLD 
Timing Chart C 
TSET THOLD 
Tw 


Timing Chart D 


Figure 2 Test conditions and timing charts 
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STF 
(0 ~ 8) 


Tw 
Aer [_—_—_—____-—_-__ 
—_ ee 


TSET | THOLD 
Timing Chart E 


MCK 


DUTY = T1/T2 
Timing Chart F 


Note: The test pin conditions are shown below. 





Figure 3 Test conditions and timing charts 
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Figure 4 MSM6928-06RS Application example 
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TIMING CHARTS 


Input/Output Data 
Demodulating data (A/D output) and gain setting data for AGC are input and output 
via the bus every sampling period (STM). See Figure 5 and Figure 6. 


Control Signals 
Each baud rate (BTM) is divided into 12 (1 BTM = 12 STMs), and the start vectors are 
input from STFO-3 every STM. See Figure 7. 


Mode specifications, such as data speed, ORG/ANS switching, and FCD selection, are 
input as 8-bit serial data. See Figure 8. 


: Two’s complement 


CONSTELLATION DATA — (Y) 


FCD|RD |RD |TIM 
_  |FSK|PSK 


od 8 ad “ug es @ hie 
Figure 5 Data of EXTB,,_, 
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OUTPUT (2) 
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Figure 6 MSM6928-06 Timing Chart 
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Figure 7 MSM6928-06 Timing Chart 
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ae 


EXT-FCD 


DATA SPEED : 1,200 bps 


FCD SELECT 1: EXT-FCD 0: INT-FCD 


0 
0: ON 


Figure 8 MSM6928-06 Timing Chart 
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GATE ARRAY FOR 1200 BPS FULL DUPLEX MODEM CHIP SET 





GENERAL DESCRIPTION 


The MSM61057 is a gate array LSI which is used in the chip set for 1200 bps full duplex 
modem based on Bell 212A or CCITT V. 22 standard. 


The MSM61057 plays a role for asynchronous/synchronous converting, scrambler and 
descrambler in the 1200 bps full duplex modem system. 


The MSM61057 is fabricated by OKI’s low power consumption CMOS silicon gate 
technology. By utilizing MSM61057 together with MSM6928-06 (Digital Signal Processor — 
DSP used for Demodulator). MSM6950 (Analog Front End — AFE), MSM80C31 (Modu- 
lator), MSM81C55 and MSM2764 (or 27C64), an intelligent modem system based on Bell 
212A or CCITI V. 22 standard can be realized easily. 


R. PLL: | 

Built-in. a Digital PLL for Receive- 
Timing (RT). Receive-Timing signals 
demodulated by the DSP are recovered 
in the PLL and output as RT. 

DSP Control: 

The DSP is controlled by a start signal, 
start vectors, and bus control signals. 
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FEATURES 

eS. PLL: 
Built-in a Digital PLL for Transmit- @® Sync/Asynce and Async/Sync Conver- 
Timing (ST). ST is output from this sion: 
PLL in the synchronous mode. MSM61057 provides a part of the 


sync/async and async/sync converting 
function. But main conversion § are 
carried out by the MSM80C31. 

AFE Control: | 
MSM61057 controls the AFE’s A/D 
and D/A conversion and AGC. 


@ 40 pin plastic DIP package or 60 pin 


plastic flat package. 





PIN CONFIGURATION 


MSM61057RS 


MSM61057GS 


(Top View) 





40 Pin DIP package 


VCC 
CLR 


A) STB 


CLK 
DATA 
MSD 
D1 
DO 
REQF 
ACK 
REQ 
BIN 
BCK 
READ 
ADS 
SMP 
BSC 
DSTB 
STRT 
STF 3 
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60 Pin FLAT package 
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To MSM6928-06 


Figure 1 MSM61057 Block Diagram 
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ELECTRICAL CHARACTERISTICS 
Please refer to that of MSM61000 series in OK! GATE ARRAY DATABOOK. 


PIN DESCRIPTION 


Pin Name 


MCK 


MT 


ST 


ST, 


RT 
SCK 


SIN 


SD 


RD 


RSMP 


Function 


Master clock input (921.6 kHz +0.01%). 
The duty of this clock should be 50% +5%. 


This clock is available for modulation and it indicates the sample 
timing of AFE and D/A data. See Fig. 2. 


1200/600 Hz clock output. This clock is synchronous to INTERNAL/ 
ST,/RT by setting ST A/B. See Fig. 2. 


External transmit timing input. (1200/600 Hz +0.01%). 
If ST, is not used, ST should be held the digital ‘‘Low’’. 


Receive timing signal input. 


These pins may be used for device tests only. In normal operation, 
SCK should be tied to SIN. [ ; 


Transmit-Data (SD) signal input. 
a4 ve 
dB Yas 
(ST,) 
or 
(ST) ‘ is @ a 
ON OFF ON OFF 


Receive-Data (RD) signal output. 
sa | or 
ob 9 Nas 
‘ ce 
(RT) | | | | | 
“Qo” 
ON OFF ON OFF 


This is used for sampling PSKRD and FSKRD. RSMP should be made 
by inverting SAM in external. 
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Pin Name - 


RD, 
RD, 


DRT 
RCK 
RIN 


TIM 


STFO 
STF1 
STF2 
GND 
STE3 


STRT 


DSTB 


BSC 


SMP 
ADS 
READ 
BCK 


BIN 


REQ 
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NO 1 NO 
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| ° © N 


2 
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— 
NO 


—_ 
{oe} 


N 
o>) 


Ww NO) NO NO N 
i) ice) 00 ~N o 


= G@) 
~ n 





Function 





PSKRD signal input. PSKRD is the PSK Receive-Data which is 
demodulated in DSP, and it is input via Data-Bus. 


FSKRD signal input. FSKRD is the FSK Receive-Data which is 
demodulated in DSP, and it is input via Data-Bus. 


Data Rate Receive-Timing (RT) signal output. 
This pin should be tied to the RT. 


These pins may be used for device tests only. In normal operation, 
they will be connected each other. 


This is the input pin for the receive-timing signal which is 
demodulated in DSP. 


DSP vector signal outputs. 


Ground reference of Vcc. 
DSP vector signal output. 
DSP start signal output. 


This is one of the DSP control signals. When the signal turns to digital 
“High’’, Parallel Bus Dates are input to the DSP. 


The DSP output control signal. During digital “Low”, the DSP 
parallel Bus outputs will be enable. 


DSP outputs are sampled by this signal. 
A/D convertor start timing signal. 


A/D convertor data out timing signal. 


These pins may be used for device tests only. In normal operation, 
BCK should be tied to BIN. 


When the interrupt to the MSM80C31 is requested, this output turns 
active ‘‘High”’ 
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Pin Name 1/O Function 
PRs | Gs | 

wor [= [ao 

DO 33 | 33] 0 | The timing diagram of these signals is shown in Fig. 3. 

ole 

fs ls le 

CLK 37 37 These pins are used to input the control signals from MSM80C31 
See Fig. 1. 

me fale l 

CLR 39 39 During the CLR is active ‘‘High”’ all brocks may be initialized. In 
normal operation, this pin should be hold “‘Low”’. 

Vcc 40} ss) Supply voltage (+5 V nominal) 
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MODE 
oo eee gee 
|| Saean | (Es NIN 
1200 PSK SL 
ed ||| a mae ae 
1200 PSK SH 
MT | 
L LU LU LU LJ L ‘600 PSK SL 
UL UL LL 600 PSK SH 


PTT siteieecsnnivrtcnrarancteg SUL es 


Figure 2 Timing Chart (1) 


CLR | | 
ACK | | | | 
REQF . __\ | 


Figure 3 Timing Chart (2) 


M-A-158 


6S1-V-ll 


1/0 1 1/0 0 oft 1 
ie ee ee 
* [raorimeaame fo fe|efe|mlefe|e]e|mim[s]e[o[o]o 
fame raceme foo] | [wiel+[+]elwjn| | je] | 

Pessere eee oeees 


pa cee terse at als wlonfofs fo 


V22 
600t2.3 ASYNC 10 | 1/0 0/1 


1205/1223 


eee Fes CCC 
sn Tre fo ts te fs Poffo] fet | 


a oD ee 
Ce 
Le eee Cee 


S/P |S/P S/P | 1/ CD | CD WL] WL | ST ST 


CLK LF LP LP Ls] 


STB 



















See 
Figure 5,6, 7 
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Figure 4 
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em  \tfoX X ¥ XX XX /s 


a | ve 


S/P RSTE / | \ 
“O or 


S/P SPINS 


e S/P RSTF should be high for the duration of character length M (ST — SP) in both Bell 
212A and V.22 modes ii, iii. . 


Low to high transitions should be synchronized with ST of S/P RD. 
High to low transitions should be synchronized with SP of S/P RD. 


e S/P SPINS should be low in both Bell 212A and V.22 modes ii, iv. 


Figure 5 Receiving Normal Data 


Ee | ae 


S/P RD “gr \ (f emery 
ot | ae 

S/P RSTF 
sol § Md 


S/P SPINS | 
10° —_— ft 


S/P RSTF should be high for the duration of continuous A polarity, in both Bell 212A and 
V.22 modes. 


S/P SPINS should be low for the duration of continuous A polarity, in both Bell 212A and 
V .22 modes. 


Figure 6 Receiving Break Signals 
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S/P RD is as same as Fig. 5 


S/P RSTF is as same as Fig. 5; however, when SP is absent, continues high till receipt of the 
next SP. 


e S/P SPINS should be high for three characters after detecting the absence of SP in V.22 ii, iv. 


High for seven characters after detecting the absence of SP in Bell M =9. 
High for six characters after detecting the absence of SP in Bell M = 10. 
High for seven characters after detecting the absence of SP in V.22 ii, iv. 


Figure 7 Detecting Stop Reinserts 
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Figure 8 Transmit-timing 
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OKI semiconductor 
MSM6928-07 


DSP FOR 2400 BPS FULL DUPLEX MODEM CHIP SET 








GENERAL DESCRIPTION 
The MSM6928-07 is a digital signal processor which is used as a demodulator in the 
chip for 2400 bps full duplex modem based on CCITT V.22 bis standard. 


The MSM6928-07 operates as a QAM modulator, PSK demodulator, FSK demodulator, 
etc. by using the digital signal processing method and it transmits the AGC signal to the 
MSM6950 (Analog Front End). | 

The MSM6928-07 is fabricated by OKI’s low power consumption CMOS silicon gate 
technology. By utilizing MSM6928-07 together with MSM6950, MSM80C51-58 (Modulator), — 
MSM61077 (Asynchronous/Synchronous Conversion, etc.), and external controller, an 

intelligent modem system based on CCITT V.22 bis standard can be realized easily. 


FEATURES 
@ QAM/PSK Demodulation @® AGC 





The received signal is multiplied with 
an internal demodulation carrier, and 
input to the next stage PDF, as a 
baseband signal. The PDF output is 
generated as the demodulated PSK- 
RD after the line distortion, is cor- 
rected by an automatic equalizer. 


FSK Demodulation 

The received signal is demodulated 
through a BPF, a delay detector, and 
an LPF, and then output as FSK-RD. 
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In the AGC block, the power of the 
input signal is calculated and its dif- 
ference from the reference voltage 
is Output as the control signal for the 
Analog-Front-End variable control. 


@ 42 pin plastic DIP package or 60 pin 


plastic flat package. 
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PIN CONFIGURATION 


MSM6928-07RS 


(Top View) 

DSTB VDD 
TESTB BSC 
RESET ao] EXTB 15 (MSB) 

STEP [41 EXTB 14 

MCK [5 38] EXTB 13 

ENDF Le_ EXTB 12 

INSCK EXTB 11 
(LSB) STF O C8] EXTB 10 

STF 1 [9] EXTB 9 

STF 2 EXTB 8 

STF 3 EXTB 7 

STF 4 EXTB6 

STF 5 G3]. EXTB 5 

STF 6 EXTB 4 

STF 7 EXTB 3 

(MSB) STF 8 EXTB 2 

START EXTB 1 
SYN EXTB O (LSB) 

EXT FLG(U9] TEST D 

SCK TEST C 

GND TESTA 

42 pin DIP package 
MSM6928-07GS 





OM COON 
Z2nnZmZ2m 
FE kK 
x x x 
Ww WwW Lut 


i 
LO 
aa) 
ae 
x< 
LL 


60 pin FLAT package 


Oa 
om 
EE 
xX 
Lu Lu 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Item 
Power Supply Voltage 
Input Voltage 
Power Dissipation 
Operating Temperature Range 


Storage Temperature Range T 


Guaranteed Operating Range 





Remark 


Power Supply Voltage 


Ambient Temperature Range 


Static Electrical Characteristics 


a 


Condition 


Item 





















Typ Max 
| VOH 4.2 Vpp 
Output Voltage 
VOL -0.3 0.4 
VIH 2.4 VpD 
Input Voltage 
VIL -0.3 0.8 | 
Input Leakge GND < Vin 
Bus Output BVOH 4.2 7 
Voltage _ ss 
Bus Input 2.4 y 
Voltage 7 cad 
Bus Input GND <ViN @ BUS OFF 
Leakage Current BIL <Vpp p= | = fa He Condition 
Operatin 
Quiescent nig. 
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Dynamic Electrical Characteristics 


Item 


BSC-EXTB 
Delay Time 


Rise Time 


Fall Time 


Symbol 
TD 
TR 





DSTB-EXTB 
Pusle Width 


Setup Time 

Hold Time 
SCK-SIN 

Pulse Width 

Setup Time 

Hold Time 


SCY-SYN 
Pulse Width 





Setup Time 
Hold Time 


START-START FLAG 
Pulse Width 


Setup Time 


Hold Time 





TF 
Tw 
TSET 
THOLD 
Tw 
TSET 
THOLD 
Tw 
TSET 


THOLD 








MCK 


Rise Time 
Fall Time 
Duty Ratio 


Frequency 


Condition 


Timing Chart A 


Timing Chart B 


Timing Chart C 


Timing Chart D 
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Remark 


Common to 
EXTBO~ EXTB 15 


Refer to Figure 1 


Refer to Figure 1 


Refer to Figure 2 


Refer to Figure 2 


Refer to Figure 3 


Refer to Figure 3 
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PIN DESCRIPTION 

















Pin Name ras | cs | 1/O Function 
DSTB Loads the signal on EXT Bus into Input Register. a 
TESTB ee ee ee on internal bus into Output Register. 
Bo Operation start instruction signal. Operation in synchronization 
RESET 3 27 with —J Y_ 
1: Stop, O: Operation start 
Selects either of continuous operation and single step operation. 
STEP 4 28 IN 1: Continuous operation (Normal) 
0: Single step operation 
MCK ps | 29 IN Master clock signal, normally 5529 6 kHz. 
ENDF een, OUT | Program specifying sync signal. 
INSCK OUT} Machine cycle sync signal. 
STF O EES External specifying address signal 2° (LSB) 
- STF 1 8 | 37 External specifying address panel 2} 
STF 2 10 38 External specifying address signal 2? 
— 3 11 External pectviiG address signal 2° 
STF —_ 12 40 | an | ‘Eisen specifying address signal 24 
STF 5 “~ 41 oN | External specifying address signal 2° 
ore 6 | 14 dee oN Ewisenerenucityiny address signal 2° 
STF 7 15 | 44 | IN External specifying address signal 2” oS 
STF 8 45 IN External specifying address signal 2® (MSB) 
START 47 IN Operation starting sync signal. Loads external specifying address. 
SYN ele im Causes the serially input Jump condition to be loaded into EXT FLG 
Register in the parallel form. 
pee 19 49 Serially input jump condition. This signal is loaded into S/P on the 
negative-going edge of SCK. 
SCK 20 51 Serially input jump condition loading clock. 
GND par |e] — Ground. | | ea 
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Pin Name 





o1 on GQ) 
on aay ” 





= = — pre ol O1 
= 
O 








Rs | 
TESTA 
TESTC | 23 
“Testp | 24 | 56 
EXTBO | 25 
EXTB 1 
EXTB 2 
EXTB 3 
EXTB 4 
EXTB 5 
EXTB 6 
EXTB7 
EXTB 8 
EXTBQ 
EXTB 10 
EXTB 11 
EXTB 12 
EXTB 13 
EXTB 14 
-EXTB15| 40 | 19 
BSC 41 | 21 
Vpp 42 | 23 


1/O 


1/O 


1/O 


1/0 


1/0 


oe) 


3 


re) 


fe) 


ro) 


‘S) 


ro) 


fe) 


re) 


1/O 





Function 
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Test signal. Holds Program Counter. 


0: Hold, 1: Normal 





Test signal. 


Test signal. 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus 


External bidirectional bus specifying signal. 


1: Input, O: Output 





Power supply +5 V 





215 


(LSB) 


(MSB) 
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DUT LSI 
| > 5 | 
EXTBxx A= 4.78 
C = 50Pr 
Vcc = 5V,0V 
Ae as 


Loading Condition 





Tp 
BSC 
— ——— 90% 
_ Seer Ee 10% 
EXTByn45 
Tp 
4 90% 
10% fe 
TR 
Timing Chart A 
DSTB = 
WwW 
EXTBo~] 5 
TSET THOLD 


Timing Chart B 


Figure 1 Test conditions and timing charts 
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SCK 


SIN 


SCK 


SYN 





TSET 
THOLD 


Timing Chart C 


TSET THOLD 


Tw 


Timing Chart D 


Figure 2 Test conditions and timing charts 
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Tw 


START 
(RESET) 


O” fo 
(0 ~ 8) 


MCK 





DUTY = T1/T2 
Timing Chart F 





Note: The test pin conditions are shown below. 





Figure 3 Test conditions and timing charts 
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TIMING CHARTS 


Input/Output Data | 
Demodulating data (A/D output) and gain setting data for AGC are input and output 
via the bus every sampling period (STM). See Figure 5 and Figure 6. 


Control Signals ) . 4 
Each baud rate (BTM) is divided into 12 (1 BTM = 12 STMs), and the start vectors are 
input from STFO-3 every STM. See Figure 7. , 


Mode specifications, such as data speed, ORG/ANS switching, and FCD selection, are 
input as 16-bit serial data. See Figure 8. 


: Two’s complement 


CONSTELLATION DATA —(Y) 


X) 


~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
= 


Figure 5 Data of EXTB,,_, 





INPUT DATA (A/D OUT) 
AGC DATA 
CONSTELLATION DATA — ( 


OUTPUT (1) 
OUTPUT (2) 
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START 


BSC 


EXTB 15.9 





1 
7.2 kHz 


1 
$$ a $$ $$ 1 stm —_—_______________ AT == 


| Ae anre 
0 1 2 3. 4 5 6 7 8 9 10 11 12 13 14 15 #O 


sare Cea la (a a Dm a ee ce a ae aac a Ca oe 


3 
~ 1.8432 MHz 


0 | 12 0 
wor DX omni [SX erin [XI om [K 


OUTPUT(1): AGC DATA, TRCD, SQDA, 
SQDB, RD, TIMING 
OUTPUT(2): CONSTELLATION DATA 


Figure 6 MSM6928-07 Timing Chart 


=I 


@ LO-8Z69WSW -WAGOW ¢ 


9ZL-V-ll 









3 


= ——_____—_- 1 STM = 
1.8432 MHz 





7.2 kHz 





START 


STF 2 ee ne 


Figure 7 MSM6928-07 Timing Chart 
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No, Name Function 
DO XFCD FCD (carrier detect) signal for Demodulator 0; OFF (Set 0 when FCD = 1) 
1; ON (Set 1 when FCD = 0) 
D1 TAPH AEQL operation control O; Active 
1; Hold 
D2 DSSO Demodulator data signalling [Mode 
rate select DSS1 | DSSO 
D3 DSS1 
LO: eo | are 2400 bps 
ee 
Not related to FSK mode. a ae 2 phase PSK 600 bps 
D4 EGCO AEGL tap coefficient control EGc1 | EGCO Ce | See Appendix B. 
D5 EGC1. ee ae 
: 
1 0 P doe. Note) 
Ee ae, ee 
D6 AQID Adaptive equalizer (AEQL) reset 0; Reset (Set the center tape) 
1; Normal operation 
See Appendix B. 
D7 PLCR Carrier PLL reset O; Reset 
1; Normal operation 
D8 PLEN Carrier PLL enable 0; Disable 
1; Enable 
D9 SANSORG Originate/answer mode select for receiver O; Answer (Receive — Lowband) 
1; Originate (Receive — Highband) 
D10 AGCTO AGC circuit control coefficients See 
Appendix B. 
D11 AGCT1 Tl 
D12 SQDC Threshold level selection for SCDB 0; High (~1077) NOTE) 
1; Low (~107*) Does not mean to 
See appendix B. measure the bit 
error rate itself. 
D13 SQDEN LPF accumulate register clear for SQDA and SQDB 
(signal quality detecter) 0; Normal operation See Appendix B. 
. 1; Reset 
D14 TRCDC Threshold level for S1 data detection 0; Low (Handshake) 
| | 1; High (Retrain) 
D15 | XFCD1 DSP software reset except for AGC control 0; Normal operation 


EXTFLG 


SYNC 


1; Reset 


Figure 8 MSM6928-07 Timing Chart 
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OKI _semiconductor 
MSM61077 


GATE ARRAY FOR 2400 BPS FULL DUPLEX MODEM CHIP SET 





GENERAL DESCRIPTION 


The MSM61077 is a gate array LSI which is used in the chip set for 2400 bps full duplex 
modem based on Bell 212A, CCITT V. 22 and V.22-bis. 


The MSM61077 plays a role for asynchronous/synchronous converting, scrambler and 
descrambler in the 2400 bps full duplex modem system. 


The MSM61077 is fabricated by OKI’s low power consumption CMOS silicon gate | 
technology. By utilizing MSM61077 together with MSM6928-07 (Digital Signal Processor — 
DSP used for Demodulator). MSM6950 (Analog Front End — AFE) and MSM80C51 (Modu- 
lator), an intelligent modem system based on Bell 212A or CCITT V.22 and V.22-bis can be 
realized easily. 


FEATURES 


@ Ss. PLL: @ Sync/Async and Async/Sync Conver- 
Built-in a Digital PLL for Transmit- sion: 


Timing (ST). ST is output from this 
PLL in the synchronous mode. 

R. PLL: 

Built-in a Digital PLL for Receive- 
Timing (RT). Receive-Timing signals 
demodulated by the DSP are recovered 
in the PLL and output as RT. | 
DSP Control: 

The DSP is controlled by a start signal, 
start vectors, and bus control signals 
derived from this GA. 
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MSM61077 provides a part of the 
sync/asyne and async/sync converting 
function. 

AFE Control: 

MSM61077 controls A/D and D/A 
converters and AGC in AFE. 

60 pin plastic flat package. 





PIN CONFIGURATION 


MSM61077GS-K 


v 
“-“OwWo 
Qaantet 


PTPOrnii- 
COEIMLIOLEO 


45] NC 
raa] NC 
143] NC 
142] NC 
41} NC 
P40} NC 
33] CLR 
38} STB 
[37] CLK 
136] DATA 
35] MSD 


P46] NC 


NC 
NC (48) 
NC [43] 
NC [(50] 
NC [81] 
NC 
GND 
NC 
NC 
NC 
NC 
NC (3) 
NC (59) 
NC [60] 


3 


RT (s] 


MCK [1] 
IPTO L2J 
ST 
ST L434 
RSTF (6) 
SPINS LZ] 

SD L8J 
RD (3) 
RSMP [10] 
PRD [11] 
FRD 112] 
DRT (33) 
RDIN Ga) 
TCLK UJ 
TIM Lis) 


60 Pin FLAT package 


NPINT INTE TD 
HPLELOLIO LNT 1c 
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30) |PT1 


BIN 
BCK 
READ 
ADS 
SMP 
BSC 
vcc 
STRT 
STF 3 
DSTB 
STF 2 
STF 1 
7) STF O 
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|| - 
ere 
; DSP- 

R-PLL SP -CONT READ 
7p) 
| 

1) )-O-O-C) OC) - 


To MSM6928-07 


DATA . 
16 BITS S/P CONVERTER ) 
IB 
RSTF 
OO) 
I O 
are een PT1 
2 aa ACK « 
| sp ee MREGF © 
tas) (Co) ata : 
Pp SELECT LMSD_ 
|bDO. Oe 
[Di 
| A BIN | : smPp_! 
v.24 reeck , PRD o 
Interface HRD | tt (S/A) i. LFRD 
5ST ie seated Soe _-RSMP 2 
| oe aaa! Y 
“ie . 





A TCLK 
STFO 
STF1 
STF2 
STF3 
STRT 
DSTB 


Figure 1 MSM61077 Block Diagram 


To MSM80C51 


To MSM6928-07 


To MSM6950 
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ELECTRICAL CHARACTERISTICS 
Please refer to that of MSM61000 series in OKI GATE ARRAY DATABOOK. 


PIN DESCRIPTION 

















Pin Name Function 
MCK Master clock input (921.6 kHz +0.01%). 
The duty of this clock should be 50% +5%. 
IPTO This signal is write clock of D/A converter in AFE. See Figure 2. 
ST 2400/1200/600 Hz clock output. This clock is synchronous to 
INTERNAL/ST,/RT by setting ST A/B. See Figure 2. 
ST External transmit timing input. (2400/1200/600 Hz +0.01%). 
: If ST, is not used, ST should be held the digital ‘‘Low’’. 
RT Receive-Timing signal input. 
RSTF Control flag for SYN/ASYN converter. 
SPINS Control flag for SYN/ASYN converter. 
Transmit-Data (SD) signal input. 
_ sae | fad 
sid © hd 
SD guia oo ib | ue 
(ST,) 
or 
(ST) ay! 
ON OFF ON OFF 
Receive-Data (RD) signal output. 
a ve 
RD a @ al 
4 ve 
(RT) 
“QO” 
ON OFF ON OFF 
RSMP Latch clock input of demodulated receive data from DSP. 


The invert signal of SMP must be given to RSMP. 
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rin Nare | Pin No. | WO Funetion | 

PRD Demodulated Receive-Data input (PSK, QAM). PRD is given 
from I/O port of DSP. 

ERD 12 Demodulated Receive-Data input (FSK). FRD is given from 
1/O port of DSP. 

DRT 13 Data Rate Receive-Timing (RT) signal output. 
This pin should be tied to the RT. 

RDIN Le ae Receive-Data input from descrambler output in MCU. 

TCLK ae Master clock for RPLL (1.8432 MHz). 

TIM This is the input pin for the Receive-Timing signal which is 
recovered in DSP. 

STF 1 0 | Vector signal outputs for DSP. 


STF2 


Voltage supply (+5V). 





STF3 2 Vector signal output for DSP. 


Nn 
- 
w 
| 
NO 
N 


< 

'?) 

(@) 
js] 2]] | ° 
~— w co oO 


n” 
<= 
ae) 
N 
1 


Start signal output for DSP. See Figure 4. 


Write clock of I/O port for DSP. See Figure 4. 


O 
nN 
| 
ee) 
NO 
Oo 





wo 
” 
oO 
N) 
£ 


Read clock of I/O port for DSP. See Figure 4. 
Latch clock of read data from I/O port. 
A/D convertor start timing signal. See Figure 4. 


READ 27 A/D convertor read timing signal. See Figure 4. 


N 
0 


BCK 
These pins may be used for device tests only. In normal operation, 


- BIN BCK should be tied to BIN. 


N 
c 


IPT 1 


W 
io) 


o 


Interrupt-signal to MCU. 
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Pin Name 


ACK 


REQF 


DO 


D1 


MSD 


DATA 


CLK 


STB 


CLR 


GND 


Pin No. 1/O 


31 


32 


33 


37 


“EEE 


38 


39 


53 
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Function 


The timing diagram of these signals is shown in Figure 3. 


Serial status control data input. See Table 1. 


Shift clock of status control data. 








Strobe clock of status contro! data. 


During the CLR is active ‘'High”, all blocks can be initialized. 
In normal operation, this pin should be set ‘‘Low”’ 


Ground (0 V) 
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ne a: ae eer 
1200 PSK LOW 
2400 OAM 
eee 
=i 1200 PSK HIGH 
| 2400 OAM 


IPTO | 
ll | | | I || 600 PSK LOW 
UU WU UL 600 PSK HIGH 


Figure 2 Timing Chart (1) 


0 
i ri 
ee 


Transmit data . Receive data 


Figure 3. Timing Chart (2) 
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Table 1 GA Mode Definition Table 


DSS 1/SDCLP} GA123 perpen DSSO|G eee GALSHS |GASLSH]|SWLA| SWLB 
roe 
asleep e te 




























Transmit- 






2400 bps 
NO 
& 
=) 
oO 
I+ 
© 
. 
3 












Character ter signal 
Bit length ° Element 
Timing Definition Timing 
palette et fe bebe po ee 
c CCITT Speed Control (ST, ,oT,, 
° Conversion RT) 
6 
Cc 
a 
<I 





adios a LER RY, EZEIEZE BES 


rooms ower fefrispe [x] epy[rpe ye 

ele eee aS 

4 | Asynchronous |Conversion 

‘A eed 

) 

© 

frown pono [ots fei [x] pepe te 
200 bn EACSES EDEL ETERS RE RSE. 


1200 bps 























DATA 


CLK 





STB 
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AFE 





Figure 4 Control Timing of DSP, AFE 
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OKI semiconductor 
MSM6950 


ANALOG FRONT END LSI 


GENERAL DESCRIPTION 


The MSM6950 is a analog front-end LSI which is fabricated by OKI’s low power con- 
sumption CMOS silicon gate technology for modem chip set based on Bell 212A. CCITT 
V. 22 and CCITT V. 22 bis standard. The MSM6950 consists of two BPFs, for low band 
and high band, an A/D converter with 8-bit parallel output, a D/A converter with 8-bit 
parallel input, an AGC circuit controlled by external digital signals, a guard tone generator 
(550 Hz/1800 Hz selectable) and some analogue signal control switches for various appli- 
cations. 


The MSM6950 communicates with a modulator and a demodulator via each 8 bits par- 


allel digital line. 
This chip does not contain a carrier detect function but it will be performed with a digital 
signal processor dedicated to implement a demodulator by using digital signals from the 
A/D converter. 


This device provides an analog signal input, an analog signal output and some signal-loop 
control inputs, and requires a 3.6864 MHz clock input to generate the operating time-base. 


FEATURES 
® Conforms to Bell 212A, 224 and © Selectable cut off frequency of trans- 
CCITT V. 22 and V. 22 bis. mitting for the guard tone, the DTMF 
® 8-bit parallel output A/D converter and tone and another, 725 Hz or 2900 Hz. 
8-bit parallel input D/A converter on © Provides AC loop test function, a 
chip. transmitting analog signal can be looped 
® On-chip voltage reference. back as a receive analog signal within 
@ On-chip AGC circuit controlled by 8-bit the chip. 
external digital signal, over the received ® Supply voltage, +5V. 
signal level range of 48 dB with 0.19 dB © Low power dissipation, 80 mW. 
step. © 3.6864 MHz external clock for ope- 
© Dynamic range, 70 dB. ration. 
® Guard tone mixing function, 550 Hz or ® 42-pin plastic DIP package or 56-pin 
1800 Hz. plastic flat package. 
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PIN CONFIGURATION (Top view) 


42 pin DIP (MSM6950RS) 


WRITE [9] 
MCK 
START 
READ 
RD1 
RD2 
RD3 
RbD4 [16 
RDS 
RDG 
RD7 [19 
RD8 [20] 


VDD, 








ig 56 pin FLAT (MSM6950GS) 
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681-V- 


. — 
Ros (20 


oo! sg 


VR2 


soo 
RD5 (17) - : RC3 
RD4 ease A/D es aC 


AMP Se 


(24) —G8)87) 


AGCC AGC! RFO 





e) 
QO sw2 
O 
HO O01 SW3 | i \ 
| DIAL TONE Sona 3 ! 
OMI Ea pele Oe Tae A EVE ne Rann RCE 








tae LOOP ) 
DTMF TONE 







AOUT 





Va ee 
GUARD 
TONE 





a ee ee eee we ea 









1 
oe i 
7 
N 
N 
“ 
0 
HIBAND 


SWR1 


AC LOOP 
DIAL TONE 





+5V +5V -5V OV OV 


21)-42)41)23)-22) (31) —28) 89) 


Vpp, Vop, VssAGDG LT DT GT MODE 
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Pin eeegnmen 


Pin Name 





VR1 
VR2 








AIN 
DT 


PT 
AOUT 


LT 


a 
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Pin No. 


ca 
17 


GS 
Pa [ost | tnpor 
2 [se | nue 
Ke 





In/Out 
In/Out 


4 8 
1 9 

20 [19 
22 |22,23 
23 24 
24 25 


25 | 26 
26 | 29 





27 


@ [a 


34 
35 


30 


In/Out 





Transmit signal digital data input to DA 


TD writing control signal for DA 





Function 


Transmit signal digital data input to DA (LSB) 
Transmit signal digital data input to DA 
Transmit signal digital data input to DA 
Transmit signal digital data input to DA 
Transmit signal digital data ata input to DA 
Transmit signal digital data input to DA 
Transmit signal digital data input to DA DA (MSB) 


Master clock input 3.6864 MHz 





In/Out 


Control signal for starting of AD conversion 





RD reading control signal for AD 
Receive signal digital data output from AD (LSB) 








In/Out 
In/Out 


In/Out 
In/Out 








Input 
Input 





Receive signal digital data output from AD 


Receive signal digital data output from AD 
Receive signal digital data output from AD 
Receive signal digital data output from AD 
Receive signa! digital data output from AD 
Receive signal digital data output from AD 
Receive signal sigital data output from AD (MSB) 
Positive power supply (+5 V) ; ; oO 
Digital ground (0 V) 


Analog ground (0 V) 





External capacitor terminal for AGC (0.1 uF) 


External resistor terminal for reference voltage 








External resistor terminal for reference voltage 
Receive analog signal input 


Dial tone detecting loop H 
DTMEF signal transmitting loop H 
Transmit analog signal output 

AC loop test H 
XIN enable (Filter test or External input) H 
Guard tone select (1800/550 Hz) H/L 
External transmit analog signal input OO 
DA output PAM width select —_ 
Originate/Answer mode select es 0) ee 


Receive filter output 
AGC circuit input 
External resistor termina! for Guard tone level 


External resistor terminal for Guard tone level 


Negative power supply (-5 V) 


Positive power supply (+5 V) 
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ELECTRICAL CHARACTERISTICS 


1. Absolute Maximum Ratings 


Parameter Conditions Unit 
Supply voltage 
V 
; 


V 
Analog input voltage V 


Digital input voltage -0.3 ~ VDD +0.3 
eet eT | °e 
Storage temperature TsTG a -55 ~ +150 
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2. Recommended Operating Conditions 


Parameter 
Power Supply Voltage 


Operating temperature 


O71 )O) G4 Do). |) Dt Dy ae!) wD] Bw oy ey} 
cai ei) WGI Uns oo eet = A i Me Lk A FU 


> 


6:0. 6 
Eee: 
Rig~R 


20 


Reference Voltage 


Master Clock Frequency 
MCK Duty Cycle 
Digital Input Rise Time 


Digital Input Fall Time 
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Max 


- 
< 
xe) 


4.75 


Symbol 


alt 
O 
0 


5.25 


With Respect to 
AG or DG 


: 


-5.25 -4.75 





AG,DG 


Oo 


Transformer 
Impedance (Hybrid) 


}; 600 Q 


Ee Q 
600 2 


co 





0 


on 
ore ron) 


OO 
w 


ol 
=> 


o 


io) 
vu ip) 


2 


2 


8 


Adjusted by 
External Resistors 


50% to 50% 


VR +2.50 


— 
/ 
/ 


FMCK 3.6860 13.6864 | 3.6867 


io) 
~ 
oO 


DucK 








Tp, ~ Tp,,WRITE, 
START, READ, 
Rp, ~Rps, See Figure 1 








\ 
Tl | D 








Unit 


< 


° “ 
O 


re) 


KQ 


Fr 


KQ 


MHz 
% 
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nS 
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Since descrambler control of DSPO will be disabled while transmitting Answer Tone (FSPS=0), DSPO 


should be set on High before FSPS goes Low. 
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Figure 12 BELL 1200 bps (Answer) 


This pre-control of DSPO allows descrambler to be enabled (descrambler ON). 
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* This status doesn’t be cared. 


Figure 13 BELL 300 bps (Originate) I-A-121 
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FSK Receiving 





FSK Mark 
(1270 Hz) 





Answer Tone (2225 Hz) 





Aout 
DSS1 
CD2 o 





PLEN 
PLCR 
AQID 
TAPH 
EGC1 
EGCO 
DSS1 
SQDEN 
GALSHS 0 


LO-8Z69INSI LLOLOWSW 66/86" LGOOSWSW 


* Pre-control of DSPO for descrambler (When orig. modem declares 300 bps, this pre-control shall be 
insignificant.). 
* This status doesn’t be cared. 


Figure 14 BELL 300 bps (Answer) | I-A-123 
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eee baa aaa 1/ 
WRITE Period Tpw 116 | 0.0072 us 
wn wa vw joa | = [ow [a 
| 1/ 
START Period Tps 90 0.0072 143 us 
START Width Tws See Figure 2,3 aa \ = pe | LS 
AEAD wa Fr pez [= [os 
START — READ 
READ — START me 
Timing LS 
Allowable XIN Input 
Allowable AIN Input 


*1 Except for OKI’s Special DPSK modulating mode (See APPLICATIONS INFORMATION 1-2) 
*? TWR MAX = Tps — TsR — TRS 

TSR MAX = Tes — TwR- TRS 

TRS MAX = TPs — TwR - TsR 


Refer to Figure 9. 


3. Power Dissipation 


(Vpp = +5 V +5%, Vgg = -5 V +5%, Ta = 0 ~ 70°C) 






Parameter 








Positive Power 
Supply Current 





Negative Power 
Supply Current 





Note: Vpp means both of Vpp: and Vpp2. 
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4. Digital Interface 7 
| (Vpp = +5 V +5%, Vgg = -5 V +5%, Tz = 0 ~ 70°C) 


rowtowvowws | va [= | 9 | = | 08 | 
Output Low Voltage VOL lo, = 0.36 mA po | = | 04 | V 
“Output High Voltage You | ton=20va (| 241 — | von |_¥ 
Input High Current ey Vin < Vin VDD peed, Pe Palo pA 
DA Data Set-up Time Tsp | Oe ee ee | us 
See Figure 3 
DA Data Hold Time THD Pai} - | = | 
AGC Data Set-up Time Tsa | o | - | = | as 
7 See Figure 2 
AGC DataHoldTime | THa ee cee uS 
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5. Analog Interface 
(Vpp = +5 V +5%, Vgg = -5 V £5%, Tz = 0 ~ 70°C) 


Reference Voltage 








Reference Voltage VR 





Transmit Analog Signal Characteristics (XIN, AOUT) 


















RAOUT 210KQ 
Output Voltage VAOUT 5 Vpp 
CaoutT < 100 pF 
Load Capacitance Sigur TP t00 | F 
DC Offset Voltage VOST AQUT, XIN=0V /-1000 | — +1000 | mV 
~ Absolute G 2A00 Hz. [AMEE OTh | adie 13.5 | dB 
ace Ts : Guard Tone ; : 
Voltage 
Gain * -_ 
GT, 1,200 Hz |Originate | 3.0 dB 
ee. [atone [arene [Of = [20 | 
Tone Transmit 
Total Harnomic Distortion THDT | — | = || 2604 dB 
Using a0.3 ~ 3.4 KHz 
Idel Channel Noise NIDLT flat weighted filter p -44 dBm 
Frequency 
GT=Vip 1,780 |1,799.7}| 1,820 Hz 
VGT: 550 Hz |Without -11 ; ee dBm 
Guard Tone adjustment areas 
Ver, | 1800H2|*,, = 10 | 8 | eB 
Total 
Harmonic THDGT dB 
Distortion 





*GT = 20 log (VaguT/V XIN) 
Note: 0 dBm = 0.775 Vrms 
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Receive Analog Signal Characteristics (Ajjy, RFC) 





1,200 Hz Answer 
Absolute Voltage Gain Gr +1 dB 
i 2,400 Hz Originate . 
| | RrRFQO 210K 
Output Voltage VRFO Vpp 
| CREO < 100 pF 
DC Offset Voltage VOSR REO, AIN = OV }-500 | — | +500 | mV 
. Using a 0.3 ~ 3.4 KHz 


6. Filter Transfer Characteristics 


Low-band BPF ° 
al (Vpp = +5 V +5%, Vgg = -5 V +5%, Ta = 0 ~ 70°C) 


in Ten [emo [-[«| «le 
ror. [see = fe 

Ten, | woe fa [fo 

: 

gsemremtm [orig [seme T= a os 

Peru [mone [+ f-|afa 

sr [som [+ f- [|e 

Vcr [aoe | - | | | 

rerun [aoe | - | | of 

Group Delay Distortion | Gp_ | 900~1,500Hz = | — | — | 100_ us 
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High-band BPF 


Parameter Symbol 


< 1,500 Hz a -55 -50 dB 
2,050 Hz f-05 | — | +15 | dB 
oe 
ere [asm fs = pf 
ae a eee ewe 
> 3,400 Hz = -35 | -30 | dB 
Group Delay Distortion Gnis 2,100 ~ 2,700 Hz Pe ieee | 200 | uS 


Muitip-purpose LPF 


Parameter Symbol Condition Min Typ Max Unit 


300 Hz | Gr=Vyi_ | -1.5 
1,020 Hz | GFF VIL dB 


300 Hz Referred Gain 0 dB é | 
GT = VIL fi 
750 Hz -3 dB 
1,500 Hz dB 
0 ~ 80 Hz -1 dB 
1,020 Hz Referred Gain O dB 
GT=VIH 
3,000 Hz -3 dB 
3,900 Hz dB 


-0.5 +0.5 dB 


GLPF, 
Absolute Voltage Gain 


GLPF, 


A 
om 
ss 


GFLF, 


Relative Voltage GFLF2 
Gain to G, pf, Geie. 


GFLF, 


+ 
— 


| 
1 


GFHF: 


Relative Voltage GFHF2 
Gain to G| pf, aac 


GFHF,4 


io) 
No 
© 
oO 
ao 
iS 


1 
BE 
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7. AGC Circuit and DA, AD Converters 
(Vpp = +5 V +5%, Vsg = -5 V +5%, Ta = 0 ~ 70°C) 





Parameter Symbol os Condition 








AGC Amplifier 
Input Resistance RaGCc! Re ee Mo 
—- | [vse | ae 
came 104 | ot 
Se Voltage = | icsei 


Transmit Digital to Analog Converter 


bit 





Bits of Resolution | 8. | = | 
End-point Linearity | Ntoa 0.36 | 08 | % 
Differential Non-linearity 1/5 | 1/2 | LSB 
Full Scale aw 
if DC Offset Voltage 15 | +10 | mV 


Receive Analog to Digital-Converter 


Bits of Resolution BRESR 


End-point Linearity % 


re [= T= 


Differential Non-linearity DNLap LSB 


za 
~ 
> 
© 
.| 0 
“= | NO 
Obl os 
_ 
~ 
NS 


Plus 

Full Scale PFVAD | = fan — mV 
Full Scale 

Minus 


* Only of AD converter. In practice, Output DC Offset is determined by VosaGc and the gain of AGC 
circuit. 
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tf tr 


Figure 1 Definition of Rise/Fall Time 





START 


READ 







—_———1tsR 


High Impedance 


I | | iii 
tsA tHA tp, tp, i | 
A: AD Data Output 


B: AGC Gain Data Input 


Figure 2 Receive Data Timing Chart 


tWW 


tPW 
TD1~ | 
id Dat 
TD8 ay . Invalid Data 


tsD tHD 


Figure 3 Transmit Data Timing Chart 
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FREQUENCY (kHz) 
4 


Low-band BPF 








oO 
aS) 
Z 
x 
© 
Figure 4 Low/High — band BPF FREQUENCY CHARACTERISTICS 
FREQUENCY (kHz) 
0 5 | 10 
a LPF2 (2900 Hz) 
< 
x 
O 





Figure 5 MULTI-PURPOSE LPF FREQUENCY CHARACTERISTICS 


M-A-200 





PIN DESCRIPTION 


Pin Name 


TD1~ TD8 





MCK 


START 


READ: 


Pin No. 


a 

n 

CG 
” 


1~8 


12 


w 
2 
ad 


5155 
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Function 








Transmit signal digital data input for DA conversion. These pins are 

8 bit parallel two’s complement data input pins. The data is loaded to 
the DA converter at the falling edge of WRITE. TD1 is the LSB and 
TD8 is the MSB. Refer to Table 1 below. 












TO 






Total 


Nominal 


Value een Voltage* 










































Plus Full Scale re) +127 +2,172.1 mV 
—— He 1 a 
+126 

\ ~ 1 ! 
' 1 
L. — pata st MA oes | 

Plus Q L 0 0 0 0 (6) (0) 0 (0) 0 | 8) 

Minus 9 [ 1 1 1 1 1 1 1 1 -1 17.1 mV 
H 7 oext amas my = | T~ loa 





wed pai 
Minus Full Scale 








| 
~-2,189.2 mV 





Table 1 *The reference voltage for AD conversion is +2.5 V. This 
output voltage is defined at AguT. 


This signal enables TD1 ~ TD8 pins to write data into DA converter. 

The digital input from TD1 ~ TD8 is latched to the DA converter 

at the falling edge of WRITE signal, and then converted to analog 

signal. 

The analog output signal is renewed about 9 usec after the falling 

edge of WRITE signal. The cycle of this signal can be chosen out of 

115 usec ~ 143 usec. j 





A 3.6864 MHz clock signal should be applied to this pin. This is the 
time base for the operation of the MSM6950. 


This signal enables MSM6950 to start the AD conversion. This signal 
is also used to latch the input data used for setting the amplitude of 
the AGC circuit. The input data is supplied from a demodulating chip, 
the general performance of which is digital signal processing. 

These two operations are performed at the falling edge of START. 


The cycle of this signal can be chosen out of 90 usec ~ 143 usec. 


This is a control signal for 3-state output data bus line, RD1 ~ RD8. 
While this pin is at digital O state, the output bus is activated and the 
result of the AD conversion is output from RD1 ~ RD8 terminals. 
While this pin is at digital 1 state, the output bus is inactivated and 
RD1~ RD8 become input terminals. 
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rinneme Lin: 
Re: | os 


RD1~ RD8 | 13~20 | 10~13,} These are I/O terminals controlled by START and READ terminals. 


VDD2 


DG 
_AG 


AGCC 


W-A-202 


16~19 





Function 


When READ is set at digital 0 state, RD1 ~ RD8 become output 


| terminals and the AD conversion result is output from these pins 


with 8 bit parallel two’s compliment format. Refer to Table 2. 

When READ is set at digital 1 state, RD1 ~ RD8 become input 
terminals. The data input to these pins is loaded into the registers at 
the falling edge of START signal. In this case, this data is used at 

the gain setting data for AGC circuit. 

Nominal absolute voltage gain of AGC circuit is described in Table 3. 
The dynamic range of the AGC circuit is about 48 dB as shown in 
Table 3. 


READ = Digital O 











Nominal Corresponding Voltage 
on the Input of AGC Circuit (AGCI) 








+2,480.5 mV 





~ 19.5 mV Step 





+19.5 mV 





0 0 





1 -19.5 mV 











~ 19.5 mV Step 
-2,500 mV 














Nominal Absolute Voltage 
Gain of AGC Circuit (dB) 


1 | +43.8 


0 L +43.6 


0.1875 dB Step 





























1 -3.63 








-3.81 











-4.00 


Table 3 


Positive power supply, +5 V. 


This power supply is internally connected to the digital output logical 
circuitry RD1 ~ RD8 to avoid the deterioration to the noise 
performance. Same power supply as to Vpp, should be used. 


Digital ground level, 0 V. 
Analog ground level, 0 V. 
An external capacitor of more than 1 wF should be connected 


between AGCC and AG. This capacitor is necessary to compensate 
the DC offset voltage generated in the AGC circuit. 





sass 





VRi, VR2-~ | 25, 26 | 26, 29 


AIN 


DT, PT 28,29 | 31,32 


AOUT 30 
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Function 


The MSM6950 provides the voltage reference which is used for AD 
and DA convertions. 

The electrical potential is stabilized to variations of temperature or 
supply voltages, but tends to be different from chip to chip. 
Therefore, a external adjustment is necessary. The resistors used to 
adjust the reference voltage are connected to these pins as shown 
in Figure 6. 





Figure 6 (MSM6950RS) 


A bypass capacitor is required to keep this reference electiical in the 
silent condition. A capacitor with the value of more than 1 wF is 
recommended. The reference voltage on VR2 is determined by the 
following equation and the typical value is +2.5 V. | 


R, +R, 
VREF = 1.2 x ————— [volts] 


Rs 


Receive analog signal input pin. The maximum input level is about 
+7.2 dBm (5 Vp-p). 


These pins control the transmit and receive analog signal paths for AC 
loop test, DTMF tone, guard tone and call progress tone. For details, 
refer to Table 9. 


This is the transmit analog signal output terminal. The output 
resistance is about 10 2 and the load resistance should be more than 
10 kQ. The higher the road resistor is, the lower the power dissipation 
of MSM6950 becomes. 

When the full scale digital data is input to DA, the output voltage on 
AOUT becomes as follows. 









Input Data to DA Reference Voltage 





Output Voltage (AOQUT) 









Plus Full Scale +2.17 V 





+2.5V 










Minus Full Scale 


Table 4 
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Pin Name 


LT 


FT 


GT 


XIN 


I-A-204 


31 


32 


33 


34 


S 


- 35 


37 


38 





Function 


LT is used to provide the local AC loop test function. 


When digital 1 is input to LT, the transmit analog signal bypasses the 
transmit bandpass filter and is directly routed to the receive bandpass 
filter. At this time, the transmit analog signal must be of the same 
channel with the receiver. The passband of the receive bandpass 

filter is selected by LT and MODE as shown in Table 5. 








Receive BPF’s Passband AQUT 





2,000 ~ 2,800 Hz 





‘| Shorted to AG (OV) 
800 ~ 1,600 Hz 





Normal Operating State 


Table 5 


FT controls the external transmit signal to be input to the MSM6950 
and to send it over telephone line through the AOUT terminal. When 
FT is in digital 1 state, XIN is connected to the transmit filter input 
and external analog tones, such as DTMF tone, can be input to 

the MSM6950 through the XIN terminal. 


When digital 0 is applied to FT, the output signal from DA converter 
is routed to the transmit filter input. This is the normal application 
for the MSM6950. 


| GT controls the signal to select the frequency of the guard tone and 


this is a necessary function to be used internationally. 


At the same time, the passband width of LPF is decided according to 
the frequency. 







Guard Tone Frequency LPF’s Passband 


550 Hz O~ 725 Hz 


1,800 Hz 0 ~ 2,900 Hz 


Table 6 


LPF plays a role of rejecting harmonic components from the 
originated guard tone. In addition to it, this LPF can be also used in 
the receiver as the band limiting filter during call progress tone 
detection. 


XIN is an external analog signal input. As described in the paragraph 
for FT, XIN is activated when FT is in digital 1 state. The maximum 
input level is about +7.2 dBm (5 Vp-p). 


Pin Name 


SP 


MODE 
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Function 





Pin No. 
RS GS 
35 39 
36 40 
37 41 


SP is a control signal input that determines the width of PAM signal 
output from DA and the voltage gain of the transmit amplifier. 

As the fundamental signal level changes according to the width of 
PAM signal, the compensation for the voltage gain is required to keep 
the transmit analog signal at a level. 

The advantage of the variable PAM width is effective in the special 
PSK modulating method devised by OKI. (Refer to APPLICATIONS 
INFORMATIONS 1-2 about this method) 

The width of PAM signal is determined by SP, LT and MODE as 
shown in Table 7. 









PAM Signal Width Operating Mode 





104 us r Other Than Below Cases 





Data Transmission 








sc 1 

0 1 52 uS OK! Original 
L L soi ~~ PSK Modulating 

Method 

















AC Loop-back Test 














Table 7 


The width could be 52 ws only when OKI’s original PSK modulating 
method is applied in the higher frequency channel. In the FSK mode 
and in the normal PSK mode, SP should be in digital O state. 


MODE determines the role of each BPF by controlling SWT and SWR 
as shown in the circuit configuration. 


When digital 0 is applied to this pin, the low channel BPF is assigned 
to the transmitter and the high channel BPF is assigned to the 
receiver. This condition is called as “‘Originate mode"’. When digital 1 
is input to MODE, the positions of BPFs are reversed and this is called 
as ‘‘Answer mode”, 


During the AC loop back test, the frequency band used for this test 
becomes the receivers channel determined by MODE. 


MODE Mode 


Originate 






Transmit Filter Receive Filter 








L + BPF (800 ~ 1,600 Hz) H + BPF (2,000 ~ 2,800 Hz) 


















Answer H + BPF (2,000 ~ 2,800 Hz) L + BPF (800 ~ 1,600 Hz) 


Table 8 


REO is the analog signal output of the receive filter. 


This signal is to be connected to the AGC circuit through an external 
capacitor of more than 0.1 uF. The load resistance should be more 
than 10 k{.. The maximum voltage swing is about 5 Vp-p. 
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Function 


AGCI 38 44 AGCI is the input pin of the AGC circuit and is connected to RFO 
through an external capacitor as shown in Figure 7. The role of the 
capacitor is to avoid a bad influence for the DC offset voltage 
generated in the receive filter. The input resistance is high and the 
maximum input voltage swing is about 5 Vp-p. 


Receive 
Filter 


GR2, GR1 








Guard Tone 
Generator 


Figure 8 (MSM6950RS) 





The approximate output tone level is determined by the following 
equation, . 


Ray + Ri, 
VAOUT = 20*log —_———— -14 [dBm] 
Rit 


In Bell’s standard sets, as the guard tone function is not applied, GR1 
should be connected to GR2 directly. 


Negative power supply pin. -5 V. 


Positive power supply pin. +5 V. 
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Figure 9 
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APPLICATIONS INFORMATION 


1. Operating Modes 


MSM6950 provides a variety of operating modes. By utilizing these operating modes of 
MSM6950, a superior modem system can be realized easily. The operating modes determined 
by some control pins are summarized in Table 9. 


1-1. FSK and Normal PSK Mode 


This mode is useful not only for normal applications that utilize DSP as modulator and 
demodulator, but also for the special application that uses only filtering functions of the 
MSM6950. | 


The sampling rate for DA and AD conversions — the same length as WRITE and START | 
signal respectively — should be between 7 kHz and 9 kHz. Timing chart is shown in Figure 
2.and Figure 3. In this mode, the wide of PAM signal derived from DA is to be set at 1/9.6 
kHz. Therefore, when the sampling rate is 7.2 kHz, the amplitude of the fundamental com- 
ponent on DA's output is less than 2.5 dB compared with the PAM signal of 100% hold. 





The signal level of a sine wave of 2.5 Vp-p is +7.2 dBm equivalent. Therefore, if the 
transmit filter has a voltage gain of +2.0 dB, and DA has a voltage gain of -0.34 dB, me 
transmit output signal level on AOUT becomes as follows. 


VAOUT = +7.2 dBm - 2.5 dB + 2.0 dB -0.34 = +6.36 dBm 


1/9.6 kHz 


1/7.2 kHz 


20 log ee = -2.5 [dB] 


Figure 10 (MSM6950RS) 


\, 
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1-2 OKI's Special DPSK Mode 


This is the special mode that can save the ROM size and number of processing step in 
the modulating processor. Normal DPSK and the special modulating method are shown in 
Figure 11 and 12, respectively. 






-—-—-—- —-—- 


GRAY CODE 
CONVERTER 





_ COswet | Fo 











eee siNwet_| 6 ee ee ee OE 


Figure 11 






Figure 12 


In the OKI’s special DPSK mode, DSP is not required to perform multiplying of real 
part by COS wet and imaginary part by SIN wet. At the same time, as the coefficient table 
for multiplying is not required, the required ROM capacity of the DSP can be small. The 
special mode requires the special interface timing for handling the data of real and imaginary 
part from DSP to AFE to execute the equivalent processing in AFE. The data input timing 
for DA is as follows. 
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(Originate Mode) 


Real /\magina- 
Data ry Data 







Data 


TD1~TD8 / . Real Imagina- 
(Pas =o \ Data ry Data 





WRITE 


td 
1/4800Hz 


Ts 
1/1200Hz 


DA 
Output 


1/4800Hz 






1/1200Hz 








Figure 13 


In the originate mode, the transmit carrier frequency is 1200 Hz. The interval between 
the real part data and the imaginary part data should be set at 1/4°fc (1/4°1200 Hz = . 
1/4800 Hz) to generate the carrier of SIN wet. 

Using this method, the modulated signal, the carrier frequency of which is 1200 Hz, 
is obtained after filtering through the low channel BPF. The transmit output signal level on 
AOUT becomes as follows. 


VAOUT = +7.2 dBm + 20-log 1/8 + 20+log V2 + 6.0 dB + 9 dB — 0.34 dB = +6.81 dBm 
A B Cc OD E 


A: 1/8 PAM 

B: Vector sum of real and imaginary part 

C: Lower side band component after modulating 
D: Voltage gain of the transmit filter (See Table 9) 


The width of the PAM signal and the ener gain are set automatically so as to aay 
_ the above equation. 
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(Answer Mode) 














TD1~TD8 Real Imagina- Real Imagina- 
Ge eon Data ry Data Data ry Data 


Data 





WRITE 


tr 
1/9600Hz 


_ Ts 
1/1200Hz 


DA 
Output 


1/1200Hz 


Figure 14 


In the answer mode, the transmit carriver frequency is 2400 Hz. 


Same as in the originate mode, the interval time should be set at 1/4°fc (1/4:2400 Hz = 
1/9600 Hz). The modulated signal, the carrier frequency of which is 2400 Hz, is obtained 
after filtering through the high channel BPF. 


The transmit output signal level on AOUT becomes as follows. 

VAOUT = +7.2 dBm + 20°log 1/16 + 20°logx/2 +6dB +14.5 dB - 0.34 = +6.26 dBm 
The width of the PAM signal and the voltage gain are set automatically internally. 
When OKI's special modulating method is applied, there are some limitations about the 


transmit data on TD1 ~ TD8 and the timing of WRITE. But there are also many advantages 
about the modulator chip as described before. 
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1-3 Originate Transmission Mode 


The low band signal must be transmitted and the high band signal must be received. 
MODE determines the positions of two BPFs by controlling SWT1, SWT2, SWR1 and SWR2. 
When MODE is in digital 0 state, the low channel BPF is assigned to the transmitter and the 
high channel BPF is assigned to the receiver. Both DT and PT should be in digital 1 state 
so that the guard tone function should be disabled. 


TD, AC LOOP 
DTMF TONE 


Se ee 


START +5V +6V -5V OV OV 





@ Ebi RS ete eee ee eT: 





Q 


AGCC AGCI RFO VpD; VoD, Vsgs AG DG 


Figure 15 (MSM6950RS) 
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1-4 Answer Transmission Mode 


The high band signal must be transmitted and the low band signal must be received. When 
MODE is in digital 1 state, the high channel BPF is.assigned to the transmitter and the low 
channel BPF is assigned to the receiver. In some applications, it is required to mix a guard 
tone to the high channel transmit signal in the answer mode. The control signals on DT, 
PT and GT determine the guard tone function. When DT and PT are in digital 1 state, the 
guard tone function is disabled and only the high channel transmitter is enabled. When 
DT, PT and GT are in digital 0 state, the guard tone, the frequency of which is 550 Hz, is 
mixed to the transmit signal. 


When GT is changed to digital 1 keeping DT and PT in digital 0 state, another guard tone, 
the frequency of which is 1800 Hz, is mixed to the transmit signal. 


The original guard tone is filtered through LPF and only its fundamental component 
is extracted and mixed to the transmit signal. The cut-off frequency of LPF is about 725 Hz 
while GT is in digital O state and becomes about 2900 Hz while GT is in digital 1 state. 












WRITE (9) 
ae 
ee ae 
TD 














(a LOOP 
DTMF TONE 








AGCC AGCI RFO Vpp, VDD, Vss AG DG 


Figure 16 (MSM6950RS) 
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15 Tone Transmit Mode 
The signal path in this mode is shown in Figure 17. 


LPF put in this route has two kinds of its cut-off frequency (725 Hz/2900 Hz). So, 
this mode is effective in DTMF signaling and so forth. Refer to Table 9. | 






------@3 









tettined Canta eetiintina tie Eeedicen Eee liceeli Relic eel ieee ae, ME of es 





‘ow 





DTMF TONE 


+5V +5V -5V OV OV 


21-42) 


AGCC AGCI RFO Vop, Vob, Vss AG DG 














Figure 17 (MSM6950RS) 
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1-6 Tone Receive Mode 
The signal path in this mode is shown in Figure 18. 


As LPF put in this route has two kinds of cut-off frequency — 725 Hz and 2900 Hz, 
this mode is effective for call progress tone monitoring, such as for tone dialing. Refer 
to Table 9. In this mode, AOUT is connected to AG (OV) internally. 








SP PT 
{ i} 
| 1 
' 
ns 4 
| ‘ 
one ea enn ee een nee eee a ne 
t 
RC1 (ac LOOP AMP ; ; 
ae DTMF TONE SA ADDER 
os fi ee RC2 
<7 ! GUARD i 
i] 
Soe DTMF 
SWT1 re SWT2 
“Ns fe) 
“Ke 0 
Do mieice ie li 
7 
vR1 (5) ; 
Vref CLK E> . 
VR2 (6) c 1 
MCK 
2 a w 
s BPF ag 
RD& AL Or 
3 ae 6 11 \S2 
RD? ere HIBAND swa2 | 12a 
RDG 
RC3 o: 0 
RDS BCS) swa ae 
RD4 r Se Og! SW3 
. e--- 
RD3 DIAL TONE 
Res net as oe Se ee et es ee ert ae ee Se 
RD2 ! i 
i 
i] 
RD1 
i 
READ 
START +5V +5V -5V OV OV i 
—_44446——_o—e—o—6- 





AGCC AGC! RFO Voo, Vop, Vss AG DG LT 


Figure 18 (MSM6950RS) 
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1-7. AC Loop-back Test Mode 
The signal path in this mode is shown in Figure 19. | 
The modem system has to receive its own transmit signal to check the modem operation. 


In this mode, the transmit BPF is skipped from the signal route and the channel used 
for AC Loop-back test determined by the receiver’s channel determined by MODE. Refer to 


Table 9. | 
AOUT is connected to AG (OV) internally. 
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Wo) RC1 (ee LOOP 
DTMF TONE 





DIAL TONE 







= AC LOOP 
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AGCC AGCI RFO Vob, Yop, Vss AG DG LT 






Figure 19 (MSM6950RS) 
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Control Signal Transmitter 





ee 
Note 
“i ae ey Guard |DA-PAM <9 ee 
104us 
0 po | 1 | o | o | -2000~2800Hz | +2.0dB! 550Hz 800~1600Hz Answer Bees 
0 Lo 2000~2800Hz | +2.0dB | 1800Hz 800~1600Hz 
Te Pe emt [aes | a t 
0 LO a nO a eo | 2000~2800Hz |+13.5dB| 550Hz| 52us | 800~1600Hz Answer ers 
ee ooo rea] | aa 
eee [ee] [om 
*1 XIN > AOUT 
*2 AIN > RFO 


*3 AOUT is connected to Ground. 


Table 9. Various Operating Modes 
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2. Considerations for duplexer (Line Hybrid Using Op. Amps) 


In case of full-duplex systems, a duplexer plays a important role. Its purpose is to help 
reject transmit signal energy from the receive signal. 


Theoretically, a duplexer can be adjusted to achieve infinite rejection (no existence of 
cross-talk) — where the phase and amplitude of the inverting and non-inverting signals cancel 
through the duplexer OP-Amps. In practice however, telephone line impedances vary enough 
such that only about 10 ~ 15 dB of rejection can be expected. To attain this rejection, it is 
recommended that the duplexer components (R;, R2, R3 and C,; in Figure 20) be tuned for 
the impedance and loss characteristics of the particular type of transformer being used. 
This will minimize the impedance variation of the line. | 


Once these component values have been determined for a particular cransformier type, 
further trimming is usally unnecessary on a board-to-board basis. A recommended procedure 
for balancing the duplexer, which was used in finding the values in Figure 20, is as follows. 


a) A recommended procedure for balancing the duplexer 


1) First, set the chip into the transmit squelch mode. Next, connect a 600 ohm signal 


source to points A and B (the signal source; -12 dBm and 1200 Hz). Tweak R, 
until the loss at point A and B is exactly 6 dB. This allows maximum power transfer 
through the transformer. 


(2) With R, at this new value, replace the signal source with a 600 ohm resistor at point 
A and B. Now output the transmit signal from AOUT via OPA1 at the frequency of 
1200 Hz. 


(3) Now tune R3 until the signal out of AOUT reaches a minimum at OPA2 output 
terminal (Vx). Then tune C, until a new, lower minimum is reached which should 
be around 30 cB. 


The phase and amplitude of the two signal components have now been matched for 
the best rejection over the spread of telephone lines. 


A crosstalk characteristic of the duplexer adjusted in steps. (1) through (3) is shown in. 
Figure 21. It was obtained by measuring the Vo-to-V, transfer characteristic with the 
modem chip and the duplexer disconnected from each other. 


The duplexer has the attenuation pole at about 1420 Hz when a line impedance is ideal 
600 ohm. . 


b) Characteristics on an practical line 


Figure 21 also shows the practical characteristics of the duplexer connected to existing 
telephone lines. 


These are represented by Vo-to-V, transfer characteristics; it should be noticed that the 
receive signal level at AIN terminal (V3) will “be lower than V, by aout 6 dB typically 
because of the existence of R¢ and R-,. 
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| 0.047uF 
51k2 


Figure 20 Duplexer (Line Hybrid Circuit) Considerations (MSM6950RS) 


frequency (Hz) 


a ia 
coon 
i 
p= 
ani 
mae 
TT 
_ 
- 
a 


(I) Terminal by 600Q pure resistor 
(II) Connected to a private phone line 
(I) Connected to a public switched network 


Figure 21 Experimental Cross-Talk Characteristics 
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OKI semiconductor 
MSM6949 


ANALOG FRONT END LSI 








GENERAL DESCRIPTION 


The MSM6949 is an analog front end LSI which is fabricated by OKI’s low power 
consumption CMOS silicon gate technology. The MSM6949 is used to implement an analog 
front end function required in the modem set based on CCITT V. 26, V. a and V. 29 re- 


commendations. 


The MSM6949 performs all. basic analog “igtial processing functions such as transmit 
and receive filters, selectable amplitude equalizers, transmit signal level attenuator, fast 
carrier detector, AD and DA converter with 8-bit parallel input/output. | 


In addition to it, the MSM6949 performs analog loop test, the detection of call progress 
tones, 75 bps backward channel transmitter and automatic gain control (AGC). AGC circuit 
is digitally controlled by the digital signal processor which performs the demodulating 
function. | 

By utilizing the MSM6949 together with OKI’s digital signal processors, a cost effective 
modem can be designed easily. 


FEATURES 

@ Performs all analog signal processing @ A set of carrier detection circuits, the 
functions required for CCITT V. 26, on/off levels of which, are fixed at each 
V.27 and V. 29. of the compromised values within the 

@ 75 bps backward channel FSK transmit- chip, and also can be adjusted by 
ter, external resistors. 

® Interfaces to digital signal processors @ Two CD circuits are useful for Fall-Back 
with receive and transmit parallel data operation and so forth. 
bus. @ 3.456 MHz external clock for operation. 

@ Call progress tone monitoring. @ On-chip voltage reference. 

@ An chip AGC circuit controlled by @ Few external components required. 
external digital signals, over the @ Supply voltage, +5V. | 
received signal level range of 51 dB ® Low power dissipation: 140 mW typi- 
with 0.2 dB step. cal. 

® Analog loop test: A transmitting analog @ Power stand by mode available. 
signal can be looped back as a receive @ 64 pin mini-size DIP, 68 pin PLCC will 


analog signal within the chip. be available by 10 ’87. 
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PIN CONFIGURATION (Top View) 


64 pin mini DIP (MSM6949SS) 


BRS c—11 
BTD C742 
TRSW (43 
RDLCuH4 
WRT C215 
TD&8 C6 
TD7 C7 
TD6 C 
TD5 C49 
TD4 (110 
TD3 c711 
TD2 C7 12 
TDO1 13 
MCK c—7 14 
VDD2 c— 15 
NC ca 16 
RD8 c— 17 
RD7 tc 18 
RD6 cI 19 
RD5 cj 20 
RD4c— 21 
RD3 cca 22 
RD2 tc 23 
RD1 c= 24 
RDB c— 25 
RDA co 26 
_ $t427 
READ 28 
_ AGCW cj 29 
CSW <1 30 
LDt Cc 31 
LD2 C= 32 








68 pin PLCC (MSM6949JS): Available by 10 ‘87. 
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PIN ASSIGNMENTS (SS --- 64 pin mini-size DIP, JS --- 68 pin PLCC) 








Pin Name Function 
BRS ; aie 4 Request to Send for backward channel (V.23) 
BTD 2. Transmit Data for backward channel (V.23) 
TRSW en Control signal for connection of DA input bus 
—RDL | 4 |__| _Latchclock for RD to input to DA within chip 
WRT i ol! Control signal for writing TD to DA 
Tos | 8 | ; 
Transmit signal digital data bus input to DA 
Toa | 10] : 
tos | = 
To2 | 12 | = 
Tor | 138 | LSB 
MCK P14 | | Master clock input 3.456 MHz 
VDD2. | 15 | (| _ +5V power supply 
NC. | | 
RD8 MSB 
RD5 i Receive signal digital data bus output from AD Zs 
a (3-state 1/O) 
RD4 | tt : 
ROS | 22 | : 
RDO2 | 23 | : 
RDi | 24 | LSB 
RDB | 25 | | Additional digit for RD bit shifting 
RDA | 26) (3-state output) 
ST > 7a Control signal for starting of AD conversion 
READ | 2} | Control signal for reading RD from AD 
AGCW | 29] | Writing clock for setting data to AGC circuit 
csw | 30 | | RD bit shifting enable 
LD1 Outputs of level comparators put to AGC circuit's output. 
These are used to set AGC at typical gain when detecting 
LD2 urgent changes. 
CD1 | 33 f | Carrier detect for QAM/PSK signal 
CD2 | 34] | Carrier detect for FSK signal (T.30) 
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Pin Name | Pino. Function 
Receive filter bandwidth select 
awe2 | 36 | 
EQR1. Fixed compromise cable amplitude equalization select 
EOR?2 | 38 fo for receiving | 
DG Digital ground (OV) 
AG | 40 | Analog ground (OV) 
VSS at | | —5V power supply 
AGCC ae External capacitor terminal for AGC circuit 
AGCO | 43 fo AGC circuit output | 
AGCI AA _ AGC circuit input connected for RFO through external 
capacitor 
REO pas] Receive filter output connected to AGC] through external 
3 , Capacitor. 

CDI1L 46 

pO aten Carrier detect level select for CD1 
com | 47 | 
ae baer os Carrier detect level select for CD2 : 
cozH | 49 || 
VR1 

50 | On-chip reference voltage adjust using external resistors. 
vez | st | 
AIN ae Receive analog signal input 
Nc | 83 | 
AOUT Transmit analog signal output 
XIN | 55 External analog signal input 
BOUT | 66 | | 75 bps FSK transmit signal output 
PWDN | 57 | | Power down mode select 
LT | 68 || Analog loop test | 
EQT1 | 59 || Fixed compromise cable amplitude equalization select for 
EQT2 | 60} transmitting | - 
ATTI 61 | 
ATT2 62 aa 8 steps attenuator select for transmit signal level 
VDD1 64 po _+5V power supply 
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ELECTRICAL CHARACTERISTICS 


1. Absolute Maximum Ratings 


Parameter 


Power supply 
voltage 


Analog input 
voltage 


Digital input 
voltage 


Operating 
temperature 


Storage 
temperature 





TsTG 


VDD 
Vss 


Ta = 25°C 


With respect to 
AG or DG 
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Ratings 


-03 ~+7 


-7 ~ +0.3 


Vss-0.3 ~ Vppto.3 


-0.3 ~ Vppto.3 


~40 ~ 85 


~55 ~ 150 


Unit 
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2. Recommended Operating Conditions 












| VDD With respect to | 4.75 | 5.00 | 5.25 | 
Somer neeree [reas [noo | 070 
Fe a ee (ec oe 
oe too | > fe | - | 
R1 | — Transformer | = | eo | - | 
impedance (Hybrid) 
z = P= T= 
z ae ae ee 
R7 C= [= 
z i =e | = 
ci = = [a [= 
a mene C= = 
e =~ = fen 
oi a = 
MCK Duty Cycle 50% to 50% | 30 | 50 | 70 | 
Digital Input Rise Time ae 4 RDL, WRT, MCK, ST, | o | = | 50 | 
READ, AGCW 
Digital Input Fall Time See Figure 1 poo | - | 50 | 
ST Period ps1 | - | 143 
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Unit 


kQ 


FE 


kQ 


MHz 
% 
ns 
ns 
Ms 
us 


Ms 
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ST > READ 
Timing ree HpStee |: He 
ST - AGCW 
See Figure 2,3 
AGCW Width tps-0.3 us 
WRT Period — 143 us 
WRT Width Sy tpyw-0.3 us 


14 


Go 


us 


oO 
w 


c+ 
3 
=e 
° 
= 
Oo 
= 
7 


RDL Period 
RDL Width tWRD See Figure 3 tpRp-0.3 us 
RDL > WRT 

Timing 


Allowable XIN Input 


DC Offset Voltage +100 omvV 


VOSXIN 


Allowable AIN Input 


DC Offset Voltage +100 mV 


VOSAIN 


gf lZisle 

a 3/2 |2 

= Oo 
© 
w 


Refer to Figure 16. 
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3. Power Dissipation 
7 (Vpp = +5V / 45%, Vsg = -5V +5%, Tz = 0 ~ 70°C) 


PDWN = 0 


NOTE) Vpp means both of Vpp 1 and Vpp2. 


Unit 


eo) 

o 

3 
> 


Power-Down Current 
'@) 


oI 
3 
> 


Active Current 


o 
N 
2 
> 


a 
3 
> 


4. Digital Interface | 
(Vpp = +5V +5%, Vgg = -5V +5%, Tg = 0 ~ 70°C) 


Parameter Symbol yp | Max | Unit 
Input Low Voltage IL een ai AES V 
Input High Voltage — 2 ef Vpp V 
Output Low Voltage V 
Output High Voltage VDD V 


Input Low Current. 


IL DG < VIN < VIL 
Vin <ViIn<Vpp 


= 
> 


Input High Current 


§ 
> 


TD Data Set-up Time tsTD 


J 
7) 


= 
7) 


TD Data Hold Time tHTD 





See Figure 2, 3 


AGC Data Set-up Time _ tSAG 
AGC Data Hold Time tHAG, 


5 
7) 





RD Data Set-up Time tSRD 100 


= 
77) 


See Figure 3 


| 
a 





RD Data Hold Time tHRD | 100 | ns 
tp1 p= 300 | ns 

AD Data : 

Output Delay Time tp2 See Figure 2, 3 ee 300 a 
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5. Analog Interface 
(Vpp = t5V +5%, Vsg = -5V +5%, Ta = 0 ~ 70°C) 


Reference Voltage 
















VR Without adjustment 


= 00 


Reference Voltage 


8 


Backward Channel Transmit Signal Output (BOUT), External Signal Input (XIN) 


Output Resistance Ros 


Load Resistance RBouUT 


Load Capacitance Cpout | BOUT 














DC Offset Voltage VosB 











RgoutT = 10 k2Q 


Output Carrier Level | VRBQUT VREF = +2.50 V 








BWC Transmit Signal VaourT (450 Hz) 




















Level Ratio LRBWC VaAouT (390 Hz) 
BWC Mat: bea BTD =0 389 | 390 | 391 | Hz 
1 

Transmit 

Carrier 
Frequency st fosps BTD=1 449 jas | ast Hz 
| input Resistance RXIN 25 sof kQ 

Input Signal Level VXIN = | rs baa 


NOTE) 0 dBm = 0.775 Vrms = 2.19 Vpp 


Transmit Analog Signal Ouput (AOUT) 
Output Resistance RoT 


Load Capacitance | CaogutT 


DC Offset Voltage VOST XIN = AG — 
4 6 
Tranernik Channel Full scale +4 +6 
Level VAOUT 
(Single 
Tone) 


Using a0.3 ~ 3.4 kHz 
ie Chenne None: | IDLE flat weighted filter 


i tC 

N 

© 

; 
NO 
Q. 
uv xn 

3 m) 5] ® 


+200 


3 
< 


5 52 Vpp 
+8 






VREF = +2.50 V 


dBm 


Total Harmonic 
Distortion 


Q. 
Ww 


THDT 
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* Transmit data (TD1~TD8) determine this level essentially. If the DA converter sends a-single sine wave 
signal of which amplitude is +2.5 Vop (Full scale of DA converter, equivalent +7 dBm) to the transmit 
filter, the transmit signal level at AOUT becomes +6 dBm (4.37 Vpp). But, generally in PSK or QAM 
modulation, maximum peak factor of about 3 dB or 7 dB should be considered in the design. Therefore, 


for instance, the transmit signal in the QAM forward channel is designed to be -1 dBm. This value 
shows one example of designs. 


Receive Analog Signa Input (AIN) 


4.36 


VAIN Allows the level increase by PSK 
or QAM modulation. 


Receive Filter Output (RFO) 







Input Resistance RAIN 





Receive Signal 
Level Range 
(Single Tone) 





Output Resistance 


Load Resistance RREO pe kQ 

Load Capacitance CRFO Pe PF. 
DC Offset Voltage VosR AIN = AG ~200 +200 mV 

Output Signal Level VRFO BOR ae pei rie os VAIN 


dBm 


lle Channel Noise | Nioun | {sing 20-2. 34 kis 
Total Harmonic 7 
Distortion ay 


AGC Circuit Input (AGCI), skis (AGCO) 


ao | 
w 


RS S 
2 j 
2. 
w 
S| 


Allowable Input + 
Input Signal | 


~ 


Load Resistance | RAGCO ae =-6dBm 


Load Capacitance CAGCO nooo 


oe 
nN 


DC Offset Voltage +5 


psitecetigacaiotal by 


Output Signal Level* | VaGco Demodulator 


dBm 


3 
< 


< 
O 
” 


*When Vacc, is within this range, the signal level output from AGC circuit should be about -6 dBm 
with digitally controlling by the demodulating DSP. 
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6. Attenuator, Amplitude Equalizers and Filters Characteristics 
(Vpp = +5V +5%, Vgg = -5V +5%, Ta = 0 ~ 70°C) 


Parameter Symbol Condition Min Typ Max Unit 


Attenuator 


ead yi pi e rapeadd ATT To the Designed Values 


1 
— 


Amplitude Equalizer (Transmit and Receive Paths) 


: 
EQO | EQT(R)1=1 1200 Hz 
(Through)} EQT(R)2 = 1 400 Hz 
3000 Hz 





600 Hz| -2.1 
-0.7 -0.2 


1200 Hz] -1.2 















eo | cota) = 1 1200 Hz, 
Characteristics : ; ° ; 
Relative gain to 3000 Hz 
the gain at 1800 Hz fin dB 
soon a8 | aa | 8 
EQ2 | EQTIR)1=0 bees | -28 | -18 | -08 
soos] -ea | 63 | =a 
See Figure 4 
EQT(R)1 = 1 
Gain Tolerance | 
re ; EQT(R)1 = 0 
Relative gain to the G fin | 1800 Hz ; +0.5 dB 
(sai of EQO at } EQ2 | EQTIR)2= 1 ys 
oe EQT(R)1 =0 


NOTE) This spec is applicable for only amplitude equalizers and does not include other filters’ frequency 
characteristics. 
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fame [ enn [oe Te Ta 


roan] Meme — [00 Te 
BTD=0 

‘ow |r| = | 00 | 55 

2°fOBs 


HBWC 
900 Hz 
BTD=1 
3° 3-f0BS | 1350 Hz 





Parameter Unit 


BWC Transmit LPF 









2nd/3rd Harmonics 
Components Amplitude 


Relative values to 
the fundamental 
e 


component amplitud 







dB 










Transmit LPF 














in 


EQT1,2=1 set Ha 2 dB 
Transmit LPF Seg 450 Hz 
: GTL ATT1, 2,3 = 1 
Voltage Gain J ane 1700 Hz 
XIN = m 1800 Hz 19: |. 439 dB 

















Frequency — Amplitude EQT1.2=1 2400 Hz Ge 1.5 +2.5 dB 
Characteristics ATL ATT1,2,3=1 
Relative gain to V =0OdBm 000 H 293 dB 
ee at 390 He ) aN iat te 7 
Group Delay EQT1, 2=1. 5; 
Distortion PTL “300 Hz < fj < 4000 Hz oY as 
Receive BPF | | 
Receive BPF . EQOR1,2=1 
eceive _ , 
Voltage Gain Grp | VAIN =0dBm -2 +2 dB 
fin = 1700 Hz 
Frequency — Amplitude lone ate =e dB 
Characteristic FOR1.2=1 300 Hz : dB 
Relative gain to i 
(eee) ooo |" me Pa a 
Group Delay +} EQR1,2=1 a sie 
Distortion 300 Hz < fin < 4000 Hz : 
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Receive HPF 
Receive HPF EQR1,2= 1 
eceive - 
Voltage Gain - GRH | VAIN=0dBm 2D +2 dB 
fipy = 620 Hz 





Frequency — Amplitude 
Characteristics 


Relative gain to 
GRH =" 


Group Delay D EQR1,2=1 
Distortion #2 RH | 800 Hz < fy,y < 4000 Hz 


*1. Includes Receive BPF's characteristics. *2. Only Receive HPF itself. 


EQR1,2= 1 
VAIN =O dBm 






-36 dB 


— 





390 Hz = -77 | -65 dB 
fin 


Receive LPF (for Call Progress Tone Detection) 









EQR1,2= 1 
VAIN =0 dBm 
fin, = 620 Hz 


Receive LPF 
Voltage Gain 






dB 






*1 









Frequency — Amplitude 
Characteristics 

Relative gain to ) 
GAL *1 









*1- Includes Receive BPF’s characteristics. 


NOTE) Each Spec. is measured according to the following table. 
nae Signal | Signal ATT | EQT | EQR Measured Reference 
Vieuies Input Signal Jaw PVE 9-42: 12. Block Figure 


000 
1 ATT + T+LPF 5 
111 
00 
celine 2 AEQL + T+LPF | 4,5 
BWC BOUT 
Transmit LPF >xin | AOUT a a] 


Attenuator XIN | AOUT 


Transmit Amplitude XIN | AOUT 


BWC:LPF 
Transmit LPF XIN | AOUT |e es T*LPF 5 
Receive Amplitude | 


Receive BPF AIN R*BPF 7 


D 
nm 
Oo 


wv 
Tn 
Oo 


Receive HPF AIN “HPF + R*BPF 7,8 


Receive LPF AIN 


D 


D 


-LPF + R-BPF | 6,7 


aD 
n 
O 


Table 1 
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7. DA, AD Converter and AGC Circuit 
| | (Vpp = +5V £5%, Vgg = -5V +5%, Ta = 0 ~ 70°C) 






Parameter _ 





Transmit Digital to Analog Converter 







DA Conversion 
Plus Full : TD8 ~ TD: | 
Full bs oe : 
Scale* : | 
Minus Full TD8 ~ TD1: 
Linearity * . NLDA a 0.36 ) 0s | % 


* This specification is defined as the voltage at the AgurT terminal, but does not include the DC offset 
voltage at the terminal. 


Receive Analog to Digital Converter 





Bits of Resolution BRESR PF - | a | = | bit 
AD Conversion 
Plus Full 
Scal PFVap VREF = + 2.50 V +2.42 | +2.48 | +2.54 V 
Full coe , 
Scale * Equivalent values to the input 
Minus Full -NEVap voltage of AD converter -256 | -2.50 V 
Scale 
Linearity NLAD Foz fos | x 


* This specification does not include the DC offset voltage at the input of the AD converter (AGCO). 


AGC Circuit . | | 

siarRemion | Oresa | T= | | | 
omnictewe | Ovace | ST | | | 
iin e| ewe | Tf oe | 
ee 
el 
Signal to Noise Ratio | SNAGC mat aaa te feo | - | - | dB 
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8. Timing Characteristics 
(Vpp = +5V +5%, Vssg = -5V +5%, Tg = 0 ~ 70°C) 


Carrier Detect and Level Comparator for AGC Circuit 
















: 

: 

: 

=e 

ee 

co1 | ON ~OFF | TcooFFs | cpr = [ms 

ale 9-1 ~ VSS =| es 

Te 
oc 

OFF —-ON | 90 ms 

ON > OFF | 90 ms 

OFF > ON . ese, ms 

- €D2——s| ON OFF IN = 1650 Hz S10 | — | ms 
ww=temore [22] = fo 

2 Sec 

Fhoea2| ov oF [Torre Soec 

zs [eet = [ms 

See 
et er es cet 


Power Down Control Timing 












PWON See Figure 10 


PWDON: O- 1 
See Figure 10 


Power ON Time 


Power Down Time TPWOFF 
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9. Transmission Performance 





(Vpp = +5V +5%, Vgg = -5V £5%, Tg = 0 ~ 70°C) 


Transmitter 













4~ 8 kHz 
12 kHz ~ 









EQT1,2=1 
VAOUT = 0 dBm 
See Figure 11 


Out-of-Band Energy 
Referred to Carrier 
Level 


Receiver 


Dynamic Range et gine e Asa | Asasingletone tone 
Carrier Detect CD1H| CD1L = 1 


Threshold *? THCDOFF2| > =Vss° BWC1=0 


THepON! 
OFF3 
THCDON4 
THCDOFF4 


-39.2 






i I 
Bi D 
= © 
eal fad 


iS 
a 
. 


O 
= 
t 
Oo 
7 


1 
ile i 
ol 























Carrier CD1 

nares CD2L: 0~V Adj bl 

: ox) aes 
External COONS CD2 


*! This operating mode is used during the call progress tone monitoring and does not provide the 


hysteresis of the detect ON and OFF level. 





dB 


dBm/ 
6002 


Es 
0 | 
a oad 


dBm 
dBm 
dBm 
dBm 


dBm 


dBm 
dBm 
dBm 
dBm 
dBm 
dBm 


*? In this mode, CD1’s ON/OFF and CD2’s ON/OFF levels are determined by external adjustments. 


It is impossible to use the optional threshold either for CD1 or CD2. 


*3 Threshold levels are defined by a single tone input on the AIN terminal. In actual applications, 


however, input analog signal is not a single tone but a modulated signal by FSK, PSK or QAM. 


Therefore, the hysteresis values (CD/OFF-CD/ON) become less than the differences ot CD/ON and 


CD/OFF levels shown in the specification table. 
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ard 


tWA 


High Impedance (e| } (| } 
| 


t tn1 t A: AD Data Output 
SAG tHAG D1 "D2 B: AGC Gain 


Data Input 
Figure 2-1 Receive Data Timing Chart 





WRT K 
tww —————= tow 

psi a Invalid Data . 
tsTD tHTD 


Figure 2-2 Transmit Data Timing Chart 


NOTE) Figure 2-1 and Figure 2-2 show the timing when transmit data is input to the chip via TD1 
through TD8. 
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| tPs 
READ 


Ww 
AGCW 





Tabs {°| | cas 
RDS High Impedance 


tSRD tHRD tSAG tHAG tp1 tp2 


A: AD Data Output 
B: AGC Gain Data Input 
C: DA Data Input 


Figure 3 Transmit and Receive Data Timing Chart 


NOTE) Figure 3 shows the timing when transmit, receive and AGC data are interfaced via RD1 through 
RD8 as a common data bus. 
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Frequency (kHz) 


1.82 


3 : 
Figure 4 Amplitude Equalizer Frequency Characteristics 
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a 
a 
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a 
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GAIN 
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(aP) 
NIVS 
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Lvyo-V- 


GAIN 
(dB) 


Ki 


-10 








pA 
Weed tty 


Figure 6 LPF for Backward Channel/Receive LPF Frequency Characteristics 
NOTE) The LPF is used for both transmit and receive path changed its bandwidth. | 
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XIN 
or 
AIN 
PWDN ee Pe 
—>|TPWON ——>| TPWOFF 
AOUT 
re] mmm ome Fo me OO ae 0 a a cee 
RFO High Impedance 
Figure 10 Power Down Mode Response 
0 4 8 12 16 | kHz 
Transmit 
Carrier 9 
Level 
-~20 
~40 


-60 [420 ¢ 


dB 


Figure 11 Maximum Level of Out-of-Band Energy 
Relative to the Transmit Carrier Level 
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PIN DESCRIPTION 


Pin Name Function 


ss | Js | | 
BRS 2 The chip contains 75 bps FSK modulator (420 + 30 Hz) 
BTD 2 


that is useful for some kinds of applications, such as videotex 
systems. 


BRS controls the modulator to send FSK signal over 
telephone line through AOUT. 


FSK signal transmit 


Digital 0 Enable 
Digital 1 Disable 
Table 2 





BTD is the transmit data that should be converted to the 
modulated FSK signal to be sent over telephone line. 


BTD FSK signal frequency 
Digital O ““Space”’ 450 Hz 
Digital 1 | “Mark” 390 Hz 

Table 3 


On-chip DA converter can operate according to not only 
TD, but also RD for its input data. This function is 

- significant in the special application where both RD and TD 
are given to and taken from the same data bus line. 


At this case, it is required to put TRSW on digital 1 state for 
connecting the input of DA to RD terminals internally in 
place of TD terminals. 


A clock pulse should be input to RDL to latch RD on it’s 
positive edge. 


Refer to Figure 12. 









i—, Transmit 
Filter 


Transmit/ 
Receive 


om 
Data bus Receive 


Filter: 





Figure 12 
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Pin Name 


WRT 


TD1 


TD8 





MCK 





VDD2 


RD1 


RD8 


13 


— 


14 


15 


24 


17 


Function 


# MODEM: MSM6949 ¢ 


This signal controls to write the data on TD1 ~ TD8 into 


the DA converter. 


These data are latched on the positive edge of WRT. 


Transmit signal digital data input for DA conversion. 
These pins are 8-bit parallel two’s complement data input 
pins, and the data are loaded into the DA converter on the 


positive edge of WRT. 


TD1 is the LSB and TD8 is the MSB. Refer to Table 4. 





A 3.456 MHz clock signal should be applied to this pin. 
This is the time base for the operation of MSM6949 and 
is divided down within the chip for variety of internal uses. 





Positive power supply, +5V. 


This pin is internally connected only to the digital output 
logic circuitry for RD1 ~ RD8, RDA and RDB. 


re 


These are |/O terminals. When READ is held on digital 0 
state, these pins become output terminals and the result of 
the AD conversion with 8-bit (or 10-bit) parallel two’s 
complement format appears. Refer to Table 4. 


When READ is held on digital 1 state, these pins become 
input terminals and the data input to these pins are loaded 
into the register storing them as the gain setting data for 
AGC circuit on the positive edge of AGCW. 
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Pin No. 


Pin Name 
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Function 


To input digital 1 to each digit of RD1 ~ RD8 means the 
following amplitude per digit for AGC circuit. 


Pin [Gain] Pin 7 Gain 


RD1 | +0.2dB | RDS | +3.2aB 
2 | +04 — oF +6.4 


4 +1. 1.6 +25.6 
Table 5 


The actual values of AGC circuit’s relative and obsolute gain 
are as shown in Table 6. 








Gain (dB) 
Ee anes 1 | Relative | Absolute 
-25.5 -11.6 
ata 
-o1 | 413.8 
40.1 | +14.0— 








0 Rae ia 1 )1/| +255 | +394 





These are 3-state output pins to extend the RD bit length 
when CSW is set at digital 1 state. When CSW is set at digital 
1 state, each digit of RD8 ~ RD1 is shifted toward less 
significant bit by 2 bits and this makes RDA become LSB 
and MSB appears on RD6, RD7 and RD8 with the same data. 
This processing is useful to attenuate the received signal 

level for the demodulator. 


This signal allows the MSM6949 to start the AD conversion 
on the negative edge of ST. The conversion period should be 
within 51 ~ 143 us. The latest AD converted data appear 

on the RD pins 44 us after from the falling edge of ST. 


Pin Name 


READ 


LD1 


LD2 
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Function 


This is a control signal for 3-state output data bus line 
RD8 ~ RD1, RDA and RDB. 


While this pin is in digital O state, the output bus is active 
and the result of the AD conversion appears on RD8 ~ RD1, 


While this pin is in digital 1 state, the output bus is inactive 
and RD8 ~ RD1, RDA and RDB become input terminals. 


This signal controls to load the gain setting data into the 
register for AGC circuit through RD8 ~ RD1 on the positive 
edge of AGCW. At this time, READ must be in digital 1 
State. 





As mentioned in the description of RDA and RDB, the RD 
bit length is extended from 8-bits to 10-bits and the 

position of each digit is shifted by 2-bits toward the less 
significant digit when CSW is set at digital 1 state. 

These output signals are of comparators which have different 
threshold levels each other and the inputs are connected to 

the output of AGC circuitry (AGCO), 


When AGCO shows an extraordinary signal level by the 
abrupt change in the received signal level, LD1 and LD2 
can be a warning signal for the demodulator and the AGC 
circuit. 


Signal level on AGCO (dBm) 
+2 +1 ~14.5 -15.5 
a 
0 VAN 
Table 7 


For example, the demodulator should be reset when LD1 
indicates the digital O state. 


In other case when LD2 indicates the digital 1 state, the 

AGC circuit should be set at the nominal gain by setting 

digital 0 to all of RD digits for the quick escape from the 
abnormal state. Refer to Table 7 and Figure 13. 










AGCO 


Figure 13 
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Pin Name Function 


JS 


The MSM6949 provides a pair of carrier detect circuitry 
and each of them has a inherent detect level which is 
internally fixed. 


CD1 


zs 
ie) 


CD2 _ 34 On the other hand, their carrier detect levels can be 
determined by external circuit by using CD1L, CD1H, 
CD2L and CD2H. 


Usually, CD1 is used for 2400, 4800, 7200 and 9600 — 
data transmission, or for call progress tone monitoring. CD2 
is used for FSK transmission, such as CCITT T. 30. The 
state of digital 1 means that the received signal is within the 
level range to be demodulated. 


~ When indicating the digital O state, the received data should 
be ignored as meaningless information. 


Refer to the descriptions for CD1L, CD1H, CD2L and CD2H. 


erence nan oer 


BWC1 35 These control signals determine the receive filter bandwidth 


according to the application’s requirement. Refer to 
Figure 6, 7 and 8 


1|/BWC2 Receive Filter Composition eis Application 


i No bac kward 


BWwC2 | 36 


channel 
| transmitting 


| Backward 
channel | 
transmitting 








| Call progress 
tone monitor- 


| ing 














1 Special case 
Of LPFFO o-fBPFFo o* | Through Gees 

Filter 

Table 8 
! | 
| 
0.6 kHz 0.65 kHz , 0.3 3.4 kHz 
<HPF> <LPF> <BPF> 
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Pin Name 


EQR1 


EQR2 


DG 
AG 


Vss 


SS 


37 


338 


39 


40 


41 


JS 
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Function 


When a modem operates without backward channel (BWC) | 
transmiting, receive signal bandwidth should be extended 

to 0.3 kHz for better transmission data quality. When a 
modem operates with BWC transmitting, the receive filter 
must reject the BWC signal which leaks from own BWC 
transmitter through the hybrid circuit in the 2-wire 
facilities. 


As backward channel transmitting signal’s components 
exsist below 0.6 kHz, the received data quality would 
be deteriorated if HPF to eliminate them is not 

used. 


Usually, the frequencies of call progress tones are included 
in the range from 0.3 kHz to 0.65 kHz. The MSM6949 
have the filter for detecting those tones. 





For better transmission data quality, amplitude equalizers 
are provided about MSM6949 in both transmitter and 
receiver. 





Table 9 


Refer to Figure 4. 


Digital ground, OV. 


Analog ground, OV. 


When digital and analog circuitry are implemented in the | 
same chip, analog functional performances are easy to be 
deteriorated by the digital noise. Especially, when the 
digital noise is asynchronous to the operating timing for 
analog circuitry, such as switched capacitor filter, AD and 
DA converter, the chip’s performances become serious. 
The delicate chip is designed carefully so that the 
influence becomes less, but it is important not to mix the 
noise to AG as possible and design of PCB should be 
taken care of. 


Negative power supply, -5V. 
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Pin Name Function 


Pin No, 
SS Js 
2 


- 


AGCO 


An external capacitor of 1 uF should be connected 
between AGCC and AG. This capacitor is necessary to 
compensate the DC offset voltage generated in the AGC 
circuit. | 





The output of the AGC circuit. This pin is used for the 
chip test, etc. The gain setting data should be loaded into 
the chip through RD8 ~ RD1 so that the signal level at 
AGCO becomes -6 dBm. | , 
AGCI is the input of the AGC circuit and RFO is the 
receive filter’s output. These pins should be mutually 
connected via an external capacitor of 0.1 uF. This 
Capacitor is required as an AC-coupling not to transfer 
the DC offset voltage to the AGC-circuit. The input 
impedance of AGCI is typically 100 kQ. 


AGCI 


RFO 


As described in the description of CD1 and CD2, a pair 
of carrier detect circuits can be used with the internally 
fixed inherent detect levels. - 


CD1L 
CD1H 


~ CD2L 
i 


CD2H 


On the other hand, detect levels can be externally 
adjusted for various kinds of applications. Internal fixed 
_ values and external adjustments are as follows. 


CD1L/CD1H/CD2L|CD2H|BWC1 ee ese perating 

































External 
Adjustment _ 









Depend on 


VCD2L, 
VCD2H 







NOTE 1) Unit of CD1/2 detect level: dBm (0 dBm = 0.775 Vrms) 
2) These levels are defined with a single tone. 


Table 10 
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Pin Name 
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Function 


If an external adjustment is required, each of these 
terminals should be connected to the appropriate 
potential, which is over OV, and this determines the 
carrier detect ON/OFF level. Four different kind of 
potentials determine the level as follows. 





Carrier As an aim for external adjust- 
Detect ment, it can be forecast that 

the carrier detect threshold 

CD1 OFF level becomes about -40 dBm 

when the input potential is 

plus 2.5 V. The relation 

CD2 OFF between the potential and 

the level is linear. 


Terminal 


CD1 ON 














Table 11 


The MSM6949 provides the voltage reference which is 
used for AD and DA conversions, carrier detect, back- 
ward channel transmitter, etc. 


The potential is stabilized to variations of temperature 
or supply voltages, but tends to be different from chip to 
chip. Therefore, an external adjustment is necessary. 


The resistors used to adjust the reference voltage are 
connected to these pins as follows. 





R8 + RY > 20 kQ 
C2 LAG 


A bypass capacitor is required to keep this reference 
potential in the silent condition and the value of 1 uF 

is recommended. The reference voltage on VR2 (VREF) is 
approximately determined by the following equation and 
the typical value is +2.5V. 


Veep = 1.2 ee [V] 


Figure 14 


This pin is the receive analog signal input. The maximum 
input level is about O dBm (1.1 Vo.p). 
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Pin Name Pin No. | 





AOUT 


XIN 

BOUT 
PWDN | 57 
LT 58 


Wi-A-254 





Function 


This is the transmit analog signal output pin. The output 
resistance is about 10{2 and the load resistance should be 
more than 10 kQQ. 


The output signal level is set at typically +3 dBm or -1 dBm 
for PSK or QAM mode, respectively. 

This is an external analog signal input. Usually, X!N is 

used as the input for the backward channel transmitter, 

and frequently for an external DTMF tone. 


This signal is routed to the transmit filter’s input via an — 
adder same as the signal from the DA converter. 


B.W | 
Transmitter 






Transmit 
Filter 





Figure 15 | 


An external aparational amplifier can be omitted when 
the DTMF tone is not input to XIN, and BOUT is 
connected to XIN directly. 


This is an output terminal of the backward channel 
transmitter. Refer to the description for XIN. 


The signal level is about 0 dBm. 


While call progress tone monitoring is proceeding, BOUT 
is internally connected to AG, because LPF is used in the 
receiver side. 


When digital 1 is input to PWDN, whole functions in the 
MSM6949 are disabled and the MSM6949 goes into the 
power standby mode. At this time, AOUT and RFO 
become high impedance state. 


LT is used to provide the signal path for the local analog 
loop (AC) test function. 


When digital 1 is input to LT, the transmit analog signal 
is routed to the input of the receive filter and AOUT is 
connected to AG internally. 
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Pin Name Function 


EQT1 5 Refer to the description of EQR1 and EOQR2. 
EOT2 | 60 = 


ATT1 61 The MSM6949 provides attenuator for transmit signal. 


j 7 
ATT1 | ATT2 | ATT3 Signal Level Loss (dB) 


ATT3 63 
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Table 12 


Positive power supply, +5V. i 


VDDi1 
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Figure 16 
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B. TELEPHONE ' 
APPLICATION 








OKI semiconductor 


MSM6052 


CMOS 4BIT SINGLE CHIP LOW POWER MICROCONTROLLER FOR 


TELEPHONE 


GENERAL DESCRIPTION 


The OK! MSM6052 is low-power and high-performance single-chip 4 bits microcontroller 
employing complementary Metal Oxide Semiconductor technology, especially designed for use in 
sophisticated telephone sets. Integrated onto a single chip are 4 bits ALU, 28 kbits of mask 
programmable ROM, 2560 bits of data RAM, programmable timer, oscillator, 12 bits of input port, 12 
bits of output port and 4 bits of input/output port. In addition to these units, DTMF generator is 


provided. 


With MSM6052, sophisticated telephone sets become feasible by a single chip instead of 


conventional 3-chip configuraticn. 


FEATURES 


@ Low Power Consumption 0.38mA Typical @3V 
(DTMF output off) 

2048 X 14 Internal ROM 

640 X 4 Internal RAM 

3 X 4 Input Port 

3 X 4 Output Port 

1 X 4 Input/Output Port 

DTMF Generator 

Buzzer Sound Output 

4 Bits Programmable Timer Applicable for 
Output of Dial Pulse 


FUNCTIONAL BLOCK DIAGRAM 


DP OUT DTMF OUT 


DTMF BD 
CIRCUIT CIRCUIT 


PROGRAMMABLE 
TIMER 





i 


L loop counter 


i 


BON POM] BOND LhONM— 
t 


mmm 
COCO COCO COQ0Q0O =-~== xryDD 


rit 


INSTRUCTION 
DECODER 


idNdd4aiNi 


TIMING 
1 GENERATOR 


| 


4 
AC TEST Vpp Vss 


a Ie =n 





Interrupt by Progammable Timer 

5 Level Stack 

Power Down Mode 

52 Instruction Sets 

instructions Useful for Data Management 
(Data Search and Block Data Transfer) 
2.5 to 6.0V Operating Voltage 

3.58 MHz Oscillator 

17.9 uwS Instruction Cycle 

—20 to 75°C Operating Temperature 
28 Pin DIP or 40 Pin DIP or 44 Pin FLAT 


Tr 


DATA RAM 
640 word x 4 bit 


th, 





AQ ~ ~— 


ARO } address register 


: bank register 
: page register 


D13 ~ DO 


se PROGRAM ROM 
AO: 2048 word x 14 bit 


ADDRESS 
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PIN CONFIGURATION (Top View) 28 Lead Plastic DIP 


(Top View) 40 Lead Plastic DIP 





LOGIC SYMBOL 


KEYBOARD 


INPUT OUTPUT PORT 


KEYBOARD |. 
INPUT 10 PORT 
OUTPUT ENABLE 


DIAL PUSLE 
INPUT PORT : OUTPUT 
DTMF OUTPUT 


BUZZER OUTPUT 


KEYBOARD} - 
OUTPUT 32kHz OUTPUT 


RESET 
OUTPUT TEST 
PORT 
) POWER 
HOOK SWITCH 


OSCILLATION ( 
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Pin Name 
VpD 


Vss 
AC 


TEST 


XT, XT 
HS 
DP OUT 


DTMF OUT 
BD 
32 kHz 


Ri~Ra, 
Rs ~ Re 


li ~ Ia 


Ci~C.4 
O:1~Os4 


101~ 104 
IOE 
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PIN DESCRIPTION 


Function 
Pource source 
Circuit ground potential 


Terminal to clear internal logic, pulled down to Vss. 
After power is turned on, the MSM6052 must be reset by this terminal. 


Terminal to test internal logic, pulled down to Vss. 
This terminal must be open in normal operation. 


Input and output terminals of oscillator inverter. 
3.58 MHz ceramic resonator is connected to these terminals. 


Input terminal connected to the hook switch, pulled up tp Vpp. 


Output terminal of dial pulse. 
Dial pulse rate (10 pps or 20 pps) and Make Break ratio (40% or 33 %) can 
be selected by software. 


Output terminal of DTMF signal 
Output terminal of buzzer sound 
Output terminal of 32 kHz clock 
Input port pulled down to Vss. 


Input port having clocked pull-down resistor to Vss. 
Only when this port is accessed, pull-down resistors are connected to this 
port. 


Output port 


Tri-state bidirectional port ; : j | 
Output terminal 


When IO; ~ IO is accessed, input completion signal (when read) or 
load signal (when written) is output from JOE terminal. 
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FUNCTIONAL DESCRIPTION | 


A block diagram of the MSM6052 is given on 
page 102. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM6052 user’s manual. 


Program ROM 

The MSM6052 will address up to 2 k words 
of internal mask programmable ROM. Each word 
consists of 14 bits and all instructions are one 
word. The instructions are routed to a 
programmed logic array which generates the 
signals necessary for control of logic. 


Data RAM 

Data is organized in 4 bit nibbles. Internal 
data RAM consists of 640 nibbles. 

All locations are addressed by 10 bits 
address registers (AR:, ARz2), 2 bits bank 
register (B), 4 bits page register (P) or a part of 
the instruction’s operand. 


ALU 

The ALU performs 4 bits parallel operation of 
RAM and ACC contents, or RAM contents and 
an immediate digit. It sets or resets the three 
flags (Z, C, G) depending on the condition. 


Program Counter (PC) 

The program counter is 11 bits wide counter 
to specify the address of program ROM. 

The PC is incremented by one every 
execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of Jump, Call or Branch instruction. 

As there is no boundary in the ROM, Jump, 
Call or Branch instruction can be put anywhere 


- inthe ROM 


Stack 

The MSM6052 has 5 level stack aparting 
from data RAM. The contents of the PC are 
loaded into stack when Call instruction is 
executed or interrupt is generated. Nesting of 
subroutines within subroutines can continue up 
to 4 times including the interrupt. 


Input Port 


Port (R1 ~ R4) 

4 bits input port. Each pin of the ports is 
pulled down to Vss by internal resistor, and 
status of the port is fetched by input instruction. 


Port (R5 ~ R8) 

4 bits input port. Each pin of the seek is pulled 
down to Vss by internal resistor, and status of 
the port is fetched by input instruction. 
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- Port (11 ~ 14) 

4 bits input port. Each pin of the ports is 
pulled down to Vss by internal resistor and 
transistor. Only when it is desired to fetch status 
of the port, input current flows through these 
pins. Status of the port is fetched by input 
instruction. 


Output Port 


Port (C1 ~ C4) 

4 bits output port. These ports consist of data 
latches and buffers, and the contents of data 
latches are rewritten by output instruction. 


Port (01 ~ 04) 

4 bits output port. These ports consist of data 
latches and buffers, and the contents of data 
latches are rewritten. by output instruction. 

Electrical characteristics of O3 and O4 are 
different from those of O1 and O2. O3 and O4 of 
the ports are used as XMIT MUTE and MUTE 
normally. 


Port (EO1 ~ E04) 

4 bits output port. These ports consist of data 
latches and buffers, and the contents of data 
latches are rewritten by output instruction. 





@ input/Output Port 


Port (101 ~ 104) 

4 bits bidirectional port. These ports consist 
of data latches, output buffers and input buffers. 
The contents of data latches are rewritten by 
output instruction and status of the port is 
fetched by input instruction. 


Address Registers (AR1, AR2) 

The address registers are used to specify 10 
bits address of data RAM, when data search 
instruction (RDAR) or block data transfer 
instruction (MVAR) is executed. 

These registers are up/down counter, and 
incremented or decremented by 1 with 
execution of the instruction. 


Timing Generator 
By connecting 3.58 MHz ceramic resonator 
to XT and XT terminal, the timing generator 


generates basic timing signal to control the 


MSM6052. 

The MSM6052 can operate in 2 modes, 
normal operating mode and power down mode. 
STOP instruction is used to place the MSM6052 
in the power down mode. The oscillation stops 
and the entire functions are stopped. However, 
the contents of RAM and all registers are 
maintained. 





Programmable Timer 

The programmable timer consists of 4 bits 
down counter and 1/100 prescaler. 

Any of 7990.1 Hz clock, 1997.5 Hz clock and 
998.8 Hz clock is input to 1/100 prescaler. 
Output of 1/100 prescaler decrements 4 bits 
down counter by 1. 

When the contents of 4 bits down counter is 
decremented to O, the programmable timer 
generates interrupt. 

This programmable timer can be used as dial 
pulse generator. Dial pulse rate (10 pps, 20 pps) 
and Make/Break ratio (40%, 33%) of dial pulse 


ABSOLUTE MAXIMUM RATINGS 
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which the programmable timer generates are 
selectable. 


DTMF Circuit 
DTMF circuit is used to generate DITMF 


signal. 12 kinds of DTMF signal (0 to 9, #, *) can 
be output by output instruction. 


BD Circuit 

BD circuit generates the square wave which 
can be used as the confirmation sound, warning 
sound and so on. 15 kinds of sound (4.66 to 
0.82 kHz) are output by output instruction 
specifying the frquency. 





Supply Voltage VoD Ta = 25°C —90.3 to 7.0 V 
Input Voltage Vi Ta = 25°C —0.3 to Vpp+0.3 V 
Output Voltage Vo Ta = 25°C —0.3 to Vppt+0.3 V 
Storage Temperature Tstg _ —55 to 125 °C 
Power Dissipation Pp Ta = 25°C mW 
OPERATING CONDITIONS 
Parameter | Symbol Limits _ Unit 

Operating Voltage 2.5 to 6.0 V 
Memory Retension 

y VppM 1.2 to 6.0 V 
Voltage 
Operating Temperature —20 to 75 °C 


DC CHARACTERISTICS 
(VDD = 3V, Ta = —20 to 75°C) 


Parameter 
“H” Input Voitage 
Vnp=3V 
“L” Input Voltage VIL DD 


“H” Output Current (1) 
~“L” Output Current (1) 
“H” Output Current (2) 
“L” Output Current (2) 
oye Output Current (3) 
ape Output Current (3) 


lOH: 
lOL: 
lOH2 
lOL2 
lOHs 
lOLs 


Ci1~Ca 


Vpp=3V 
Vpp=6V 





VOH=2.6V = 
Boeee 
VOoL=0.4V 





Limits 


NO 

NO 
Cc 
=) 
=: 


is 
BS 
xe) 


aie = 
| D S 
. 
> 





Sl Re 
CO16/Pl7 
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DC CHARACTERISTICS (CONT.) 











Parameter Symbol Conditions | Unit 
“H” Output Current (4) | lou, ~150 tole | pA 
“L” Qutput Current (4) | loz, }300} - | —_ BA 
“H” Output Current (5) | loHs —40 pF - | - | pA 
“L” Output Current (5) IOLs 7 )25} - | - | BLA 
Pull down Rdwon1| R:i~Res 33 300 | kQO 
Resistance (1) . 
Pull down Rdwon 2| |l1~ 14, AC, TEST ~ 10 100 | kO 
Resistance (2) 
Input Leak Current ne lo,~lo, O<VIN <VppD — | +2 | pA 

VpD= 2.5 to 6.0V : 
Current _ DTMF output VDD= 3V = [03 | 06 | mA 
Consumption (1) off Vpp= 6V = 1.2 mA 
Current _ IDDT DTMF output VDD= 3V Lea see | ea mA 
Consumption (2) on Vpp=6V Ene Neale laror mri 
Memory retention ON HOOK Ta=25°C | = [0.01] 0.2 | WA 
Current | Vpp=2.5V Ta=—20to75°C fF - | - | 2 | pA 
i I AC CHARACTERISTICS 
(VDD = 3V, Ta = —20 to 75°C) 
Parameter Symbol Conditions in| Unit 
| Typ 


VDD=2.5 to 6.0V ms 


Key Input Time TKIN. 
| Vpop=2.5V 
Vpp=4.0V 


Vpp=6.0V 


Row only 


Tone Output Voltage VOUT Rp =1 kO 


rms 


High/Low Level Ratio dBcr | Vpp=2.5 to 6.0V dB 
Distortion Ratio %DIS | RL=1kO p= | % 


| tTLH: | Os3,04, DP OUT: a eee 
Rise/Fall Time (1) rare C1 =50 oF Si =e) Hs 
lal (2) ae Ci} =50 pF ce BS 
Rise/Fall Time (3) FTLHs_| O:, 02, BD, 32 kHz et eee ae ps 


Max 
ee 
a 
|_| mv 
ed 


oneal, 


ee tTLH« | 10.~10., OE, EO: ~ EO. Ese te 
ise/Fall Time (4) C) =50 oF ps 
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DESCRIPTION OF INSTRUCTIONS 


Mnemonic 
1312 


—, 
© oO 


> 
Oo 
O 
> 
O 
‘@) 
> 
me) 


> 
es) 
0 
+ 
0 
> 
vU 


O 1 


ADC AP 


IC 


op) 
cS 
8) 
> 
O 
O 
> 


, AP 


w” 
Cc 
6) 
+ 
oO 
> 
Uv 


0 1 


, 


SBC AP 


QO 
= 
U 
> 
QO 
2) 
> 


P 


Arithmetic and log 


.?) 
= 
U 
+ 
Oo 
> 
0 
ro) 


XOR ACC, AP 
XOR #D, AP 
BIT ACC, AP 


oO 


ownh 


BIS ACC, AP 
IS #D, AP 
BIC ACC, AP 


0 


Bit operation 


Rlalalsls w e 
a es ae +f 
Ul =o Oo 

: : 


oO 
~_ 


oO 
oh, —h 


OL AP 


Rotate 


” 


EZ 
LZ 


Flag operation 
O1DND!OAIQNIO 
mi} mi{rim 
Q'QDI!O;O 


O;1Q” 
m 
il 


L 
MOV ACC, AP 
MOV ACC, AX 
MOV #D, AP 
MOV AP, ACC 
_| MOV AX, ACC 
CHG AP 


{ 


—_ oh, 
a ee 
—_—s 
oh 
—_h 
mod 


Data transfer 


© 


—_s 
wo fh 


ss 


Instruction Code 


1109 8/7 6 5 4 


000P 
100P 
000P 
001P 
iO 1P 
001P 
1 P 


0 10 0 


O 1 
O 1 


O 1 
0 0 


O 1 
1 1 


O 1 


© 


O10/;o0 = 
—_ 
a 
U 


—_— 


0 OP/0 1 1 


= 
_ 
=_ 
vU 

— 


0 oP 
1 0P 
000 P|oO1 1 
000P 
001P 
001P 
000P/0010 
001 P|0 010 
000P|/001 1 
001 P\|0 01 1 
0010/1010 
000 0/101 0 
0010/1001 
000 0/1001 
001 0/1 
000 0|1 0 
001 0/101 1 
000 0/101 1 
10. 410 0) 0.0 


1 1 


© 


Oo 1 1 


o>) 


.o) 
o>) 
oO 


as) ec 
= 
oO 
oO 


eo) 
me) 
© 
© 
<x}; O x< 
o) 
oO; oO 
O|oO 
>), P| P| Y| YS| } 
oO; oO 


wok 
—_—, 
as 
oO 


os 
Oo 
oO 
ols 
o) 


0 0 0 


O 
© 
O 


3 2 1 


o>) 


00 0 0 
00 0 0 
00 0 0 
00 0 0 


00:0 0 0 0 
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Operation 


AP = (AP) + ACC 
AP (AP) +D 

AP — (AP) + ACC +C 
AP — (AP) — ACC 
AP — (AP) —D 

AP ~ (AP) — ACC —C 
(AP) — ACC 

(AP) —D 

AP — (AP) VACC 
AP — (AP) VD 

(AP) V ACC 

(AP) VD 

AP ~ (AP) V ACC 
AP (AP) VD 

AP — (AP) AACC 
AP — (AP) AD 

C (ap) > c— 
C(aP) —c— 

0 — (AP) —C 

C + (AP) —0O 
Z—1 

Z—O 

C+ 

Cc-O 

G+-1 

G+oO 
Z-—1,C+1,G<-1 
Z~0,C+0,G+0O 
AP — ACC 

AX — ACC 

AP —D 

ACC = (AP) 

ACC + (AX) 

(AP) —— ACC 


II-B-9 





¢ TELEPHONE: MSM6052 ¢ 
DESCRIPTION OF INSTRUCTIONS (CONT.) 


. Instruction Code 
Mnemonic Operation 
132 


CER oo (Ace 
RDAR 1 1 000/10 0 0 01|0 0 O O} ACC ~—(AR)) 
RDAR + (-) 1 #1 00 0/0 0 1 D/I/0 0 O O} ACC (AR), AR:1—ARi41 


| ACC = (AR)) 
RDAR + (-),Z 000 0{0 1 0D/\0 0 0 O| if(AR1)=0 then PC +-PC +1 
else AR: +— AR: +1, repeat 

ACC - (AR) 
RDAR +(—),N | 1 1/0 O|1 0 OD/IO O O .0O| if (AR1)40 then PC —PC +1 
else AR: — AR: +1, repeat 


ACC = (AR1),L<—L-— 1 
0;0 1 O D/IO if (AR :)=0 or L=O 


then PC-— PC+1 
RDAR+(-),N,U)1 1/0 0 1 0/1 0 O D/O 


o;jo|;/-j] 2 
oO 
Ze) 
oe) 
N 
o 
on 
ft 
wo 
NO 
= 
ro) 





© 
© 












RDAR + (—),Z,L} 1 140 


eo) 
— 


else AR: — AR: +1, repeat 


ACC -—(AR1),L<—L—1 

if (AR 1)40 or L=O 

then PC —PC +1 

else AR: — AR: +1, repeat 








5 |MVAR la 310 100/000 Olo AR2 — (AR;) 7 
-2 | MVAR + (—) 114/010 0/0 0 1 D/O ARz2 + (AR)), 
£ AR: —ARi +1, AR2—ARe +1 
S | | AR2— (AR), 
O |MVAR+(—),Z |1 1/0 10 0/0 1 O D/HO if (AR1)=0 then PC — PC +1 
if else ARi1+- AR:i+1, 
) | | AR2-- AR2+1, repeat 
AR2~— (AR)) 
MVAR + (—), N 11/0 10 0/1 0 0 D/I0O if (AR1)40 then PC --PC +1 
else AR1<—-AR:1 + 1, 
AR2 + ARe+1, repeat 
| AR2e—(ARi),L+-L—1 
MVAR + (—), L 1$1;0 1:1 0;0 0 OD/IIO O O O}| ifL=0 then PC +-PC +1 
| else ARi1-— AR: +1, 
AR2 ~ AR2+1, repeat 
ARe2 = (AR:),_L—L-—1 
if (AR1)=0 or L=O 
MVAR + (—),Z,L] 1 1 01 0D/I/0 0 O O|}| thenPC —PC +1 
else AR:*—AR:1 = 1, 
AR2+— AR2+1, repeat 
-AR2—(AR1),L—L—1 
if (AR 1)+0 or L=O 
MVAR+(-),N,U}1 11/0 1 1 011 0 OD//0 O O QO} thenPC+-—PC +1 
else ARi--ARi +1, 
| : AR2+ AR2 +1, repeat 
g [Call ase STAGK — (PO), PC ad 
(RET [0 | 0 0 0]/1 1 0 0|0 0 0 O| PC+(STACK) +1 
2 RT| 001011 10 0/0 0 0 O} PC+(STACK) or 
“” PC — (STACK) +1 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 


Instruction Code 


Mnemonic Operation 


1312/1110 9 8)/7 6 5 4/3 2 1 0 


O a,, a, ag|a, A, Aa, a4/A, A, A, AQ} PC -—adrs 

000 P/1101 PC — (PC) + (AP) + 1 
001P/1101 PC — (PC) + {(AP) A7H} +1 
if Z=1 then PC-—-PC — nor 


—"s 
jo) 


> 





Jump 


mete lt & 
mizszigizce 
Oto} "o 0 
57/0/;@/8 
elZzl1é 
>| 0)? 
U 


> 


—_ 
Oo 


(BZE n) 101 P/O 1 O ngjnz n,n, ng} PC —PC+n +1 

else --PC -—PC + 1 
BNE n if Z=0 then PC--PC — nor 
(BNZ n) 101 P/11 04, PC -—PC+n+1 





else PC — PC +1 


if C=1 then PC -~-PC —nor 
PC --PC+n+1 
else PC — PC +1 


if C=O then PC ~PC — nor 
PC —-PC+n+1 
else PC -—-PC +1 


if G=1 then PC —PC—nor 
PC-—-PC+n+1 
else PC — PC +1 


if G=O then PC --PC —nor 





Branch 


a m m “4 O a 
= 3 3 5 5 5 

© 

Uv 

© 

© 

an 

i 





STOP 
HALT 
ACT 


110 
11 0;0 00 1 
11 0;0 01 0 
10;0 1 1 0 
0;0 1 O Oj} Disable timer interrupt 


0 00 0/0 0 O QO} Stop system clock 
0 O O O} Halt CPU 

0 O O O} Activate CPU 

1 O O OQ} Enable timer interrupt 


1014 P/1 014, PC —PC +n+1 
else PC -—PC +1 
if G=1 or Z=1 
1014 P/O 11 =+n, then PC — PC —nor 
PC -— PC+n+1, 
else PC — PC +1 
if G=0 and Z=0 
then PC —PC —nor 
PC - PC+n+1 
else PC — PC-+1 
es IN PORT, AP O01 0 P PL AP — (PORT) 
a 
ag OUT AP, PORT 1 OPP PL PORT — (AP) 
=0]|OuT #D, PORT p PORT —D 


—y 


—h ob 
as 


a 
_ 
c= 
_ 
io) 
O 
— 
sak 


O O 1 O|} Enable timer activate 


—_t 
pours 


o|o 
o|o 
ae ear 
een 
=|-|o/o 


Disable timer activate 
O O Oj} Enable output port (C:~Ca) 
1 O O| Disable output port (C:1~C4) 


CPU control and others 


Q 


=~ — —_ —_. ~ — 
aah wh mah, — "J ok 
— 
Oo 
rae 
U 
aS 
— 
—_ 
a] 
b 


—_, 

oe 9 
a a 

O 

o>) 

awk 

ah 


o;lmiolim 
O 4 
pe 
ro) 
ro) 
ouch, 
—_, 
lo 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 
11109 8|7 6 5 4/3 2 1 


{7 8,8,419,2,10 
1 0 Set I/O port (10 :~10.4) to 
output mode 
. 0 0001 Set I/O port (IO:~10,) to 
input mode 





Instruction Code 
Operation 


CPU control 
and others 


NOP 000 010 0 0 O|0 O O O| Nooperation 


APPLICATION FOR DISPLAY TELEPHONE 


INTERFACING WITH LCD SEGMENT DRIVER 


MSM6052 


INTERFACING WITH A DCT MATRIX LCD DRIVER/CONTROLLER 


16 CHARACTERS 


Ol seeeesesee e040 


| | MSM5259 
MSM6052 MSM6222 
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~ APPLICATION FOR DISPLAY TELEPHONE (CONT.) 


INTERFACING WITH FLT SEGMENT DRIVER 


MSM6052 
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OKI semiconductor 
MSM6052-01RS/20RS 


TONE/PULSE SWITCHABLE REPERTORY DIALER. 





GENERAL DESCRIPTION 


The MSM6052-01RS and MSM6052-20RS are repertory tone/pulse switchable dialer 
which are fabricated by OKI’s low power consumption CMOS silicon gate technology. 
These LSIs can generate either DTMF (Dual Tone Multi Frequency) signal or DP (Dial 
Pulse) signal. | 

The repertory memory has a capacity of 500 digits. Maximum 54 telephone numbers 
of 32 digits maximum/number can be stored in it, so far as total number of stored digits 
does not exceed 500. 

It operates on 2.5 V ~ 6 V single supply. erie current is 0.2 uA maximum and 


memory retention voltage is 1.2 V. 


FEATURES 


Mixed dialing/storing. 
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@ Either DTMF signal or DP signal gener- ®@ Auto insersion of 4 seconds access pause. 
ation. @ Pulse rate 10/20 pps pin selectable. 

-@ DP/TONE ‘output starts 100 msec after = © Make/Break ratio 34/66 or 40/60 pin 
keying in normal dialing (-20RS). | selectable. 

@ DP/TONE output starts 300 msec after § @ Tone output for valid key input (2 kHz, 
keying in normal dialing (-O1RS). 32 msec). 

@ 500 digits repertory memory. @ Alarm tone for wrong operations. 
(54 numbers maximum, 32 digits @ Single contact matrix keyboard to be 
maximum/number). used. 

@ 24 numbers repertory dialing yy single @ 3.58 MHz oscillation circuit on chip 
key dialing plus maximum 30 numbers for ceramic resonator. 
repertory dialing by 2-digit abbreviated @ Supply voltage range 2.5 V ~6V. 
code dialing. @ Low standby current 0.2 wA maximum. | 

@® Lastnumber redial (32 digits maximum). ® 28-pin plastic DIP Package. 
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PIN CONFIGURATION 


DIAL PULSE 


MSM6052-01RS/-20RS 


DTMF OUT 


Vpop 


BD 
AC 





A 7 x 4 single contact keyboard shall be used. L,/L13 ~b12/L24 are one touch memory 
recall keys. By connecting or disconnecting LSEL to/from Vpp, two telephone numbers 
can be assigned for each key. So, the 24 numbers in total can be recalled by single key 
operation. 


In addition to it, maximum 30 numbers can be abbreviated into 2-digit address code 
(00 ~ 29). | | 
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Pin Name 


R, ~ Ry, 
Ci ~C, 


LSEL 


MB 


DRS 


MODE SEL 


XT, XT 


Vppb. Vss 


AC 


TEST 
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PIN DESCRIPTION 


17 
25 ~ 28 


= 


12, 13 
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Function 


Key input pins. 

C, ~ Cy are set to low level in on-hook mode, while they 
are set to high level in off-hook standby mode. When 

the key input is off, key scanning and oscillation stop. 
Single contact keyboard shall be connected. 


Hook switch input pin. 


HS =High: —On-hook 
HS = Low: Off-hook 


Selection pin for Ly ~Ly2 or Ly3 ~ L324 for single-key dialing 


LSEL = Low: Ly ~ Ly 
LSEL = High: L43 ~L4 


Make/Break ratio selection pin. 


MB=Low: 40/60 
MB = High: 34/66 


This input is sensed during the transition stage from 
On-hook to Off-hook. | 
Dial rate selection pin. 


DRS = Low: 10 pps 
DRS = High: 20 pps 


This input is sensed during the transition stage from 
On-hook to Off-hook. 


DP/DTMF mode selection pin. 


MODE SEL = Low: DP mode 
MODE SEL = High: DTMF mode 


The status at off-hook is maintained. 


If TONE] key is pressed when this pin is being set to low 
level, the DIMF mode is established. 


Ceramic resonator connection pins. 

Since this LSI is provided with oscillation inverter and 
feed-back resistor, 3.58 MHz ceramic resonator and 
Capacitors are connected to XT and XT pin. 


Vppb: Positive power supply pin. 2.5V~6V. 
Vss: Negative power supply pin (Ground). 


IC initial pin. When IC. is powered on, ‘’H” level reset signal 
has to be applied to this pin. 


Test pin. 


Pin Name 


BD 


DTMF OUT 


DIAL PULSE 


XMIT MUTE 


MUTE 


DP MODE OUT 


Pin No. 
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Function 





NO 
© 


NO 
NO 


NO o=—_—) 
= “J 


NO 
io) 


Buzzer output pin. 

It outputs key tone for valid key input. 

It also outputs various alarm/confirming tone. 
Refer to ‘‘Sound output waveforms” for details. 


DTMF output pin. 
In case of double keying or pressing some key without 
releasing a previous key, DTMF output is disabled. 


Dial pulse output pin. 

Make: High 

Break: Low 

HS = High (On hook): Low 
Transmit mute output pin. 

When HS = High (On-hook): Low 
When HS = Low (Off-hook) 


(1) While DP signal or DTMF signal is being 
sent out: Low 


(2) All other times: High 


Mute output pin. | 
When HS = High (On-hook): Low 
When HS = Low (Off-hook) 
(1) While DP is being sent out: Low 
(2) All other times: High 


Dial Pulse Mode output pin. | 
MODE SEL = High: Low 
MODE SEL = Low: High 


When mode is changed to DTMF mode by TONE key 
input: Low 


Hi-B-17 


@ TELEPHONE: MSM6052-01/20 ¢ 


FUNCTIONAL DESCRIPTION 
Dialing Function 


(1) Normal Dialing 


Off-Hook  |D,|..... 


Maximum 32 digits can be sent out at a time. Further key inputs are effective only 
after the first 32 digits have been sent out to the line. If more than 32 digits are dialed, 
redialing of that number is disabled. Pressing key causes 4 seconds access pause. 
The access pause is released automatically 4 seconds later or manually by pressing ; 


RECALL |, | STORE] or | TONE| key again. 


Switching from DP dialing to DTMF dialing can be done during the course of dialing. 


By pressing | TONE] key during DP mode, the mode is changed to DTMF mode. When 


TONE | key is pressed, if DP signal is being sent out, the mode will be changed after send- 
ing out all DP signal and an access pause of 4 seconds is automatically inserted. An access 


pause can be released earlier by pressing |PAUSE|, ;|RECALL|, |STORE| or | TONE] key, 


if so desired. 


(2) Redialing 


Off-Hook [R | [R | 


The last dialed number can be redialed by pressing [RECALL] key twice. The functions 
of | TONE] and | PAUSE | signals included in the redialed number are same as in the 


repertory dialing. When the redialing is being prohibited, an alarm sound is generated at the 
second | RECALL | key input. The normal dialing can follow after that leaving the telephone 
off hook. | 


(3) Repertory Dialing 


Off-Hook [R] 


Off-Hook 


The telephone numbers abbreviated to code can be dialed by single key operation 


( [Li] ~ ), while those abbreviated to 2-digit can be dialed by pressing [RECALL] key 
followed by 2-digit code. | 


If a wrong address code is input, an alarm sound is generated. 
If a stored number has an access pause, dialing halts for 4 seconds or until | PAUSE} , 
RECALL|, |STORE} or | TONE| key is pressed. If a stored number has a | TONE | signal, 


the dialing mode is changed from DP mode to DTMF mode, and dialing halts for 4 seconds 


or until [PAUSE], [RECALL], [STORE] or [TONE | key is pressed. 
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(4) Mixed Dialing 


Off-Hook [R] [R] [DJ ..... [R | 


See ee 
Redial Normal dialing 2-digits Single key 
abbreviated dialing 
code dialing 


Mixed dialing of normal dialing, redialing and repertory dialing can be done. In that case, 
however, redialing must come to the first part. If the digits of the mixed dialed number 
is up to 32, that number can be redialed. 


Memory Storing/Clearing Function 


(1) Storing of telephone number 


Off-Hook | S| |Dy] ..... (Store into 2-digits abbreviated 


code address) 
she (Store into single key address) 


Storing operation can be continued leaving the telephone off hook. When the storing 
of a telephone number has been completed, a sound is generated to indicate that the next 


number’s storing is allowed. The first |STORE} key input can be omitted from the second 
number. 


If the empty space of the repertory memory is less than 16 digits, an alarm sound is 
generated at the first |STORE| key input. In other words, if an alarm is not generated 
at the first |STORE; key input, minimum 16 digits can be newly stored. 


An alarm sound is generated at the 500th digit input showing the memory has no more 
capacity. That 500th input digit can be stored in the memory, however, if the 501st digit 
is input, an alarm sound is generated again. That input digit is neglected and the entire key 
operation is disabled until the telephone is hooked on. 


Maximum digits of a telephone number to be stored is 32. | TONE | signal and [PAUSE | 
signal are counted as one digit respectively. 


If the 33rd digit is input, an alarm sound is generated and the entire key operation is 
disabled until the telephone is hooked on. 


24 telephone numbers can be abbreviated to single key address codes, which are 


~ . Other than those single key address codes, maximum 30 telephone numbers 
can be abbreviated to 2-digit address codes, which are 00 ~ 29, so fas as total stored digits 
in the repertory memory do not exceed 500. 


[o] ~ can be used for the first digit _ and [0] ~ [9 ] can be used for the second 
digit . If a wrong number is used, an alarm sound is generated and that input is 
neglected. 
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(2) Mixed Storing 


Off Hook | § | [Dy]... Pr] [R] TA] [A i] [Ad 


Peer Store into 2 in abbreviated code address 


Off-Hook |S] |Lm| |D4| ................00 


anteltet Store into single key address 


The telephone number once stored in the repertory memory can be used as a part of the 
newly stored telephone number in the form of abbreviated code ({Lal or ). 
Maximum 32 digits can be mixed-stored. Either or [R] is counted as 
3 digits. 

Therefore, if [Ly] key or [R] key is pressed at 31st or 32nd digit, an alarm sound is 
generated and storing is disabled. 


Abbreviated code used for the newly stored number must not include abbreviated code 
of the other telephone number. 


(3) Clearing of Telephone Number 


Off-Hook 
[s| 


Clearing operation can be continued leaving the telephone off hook. Pressing 
key twice followed by key or 2-digit code clears the stored number in that address. 
Clearing operation and storing operation can be done alternately leaving the telephone 
off-hook. 

If a wrong address code is input after pressing key twice, an alarm sound is 
generated and that key input is neglected. 


Redial Inhibition 


Off-Hook : [R] (After signals sent out) 
Off-Hook .  ~=jDjq] ..... (After signals sent out) 


Pressing key twice after all signals have been sent out to the line disables 
the redialing of that telephone number. It is applicable to any of normal dialing, repertory 
dialing and mixed dialing. Redialing is also disabled when more than 32 digits are dialed 
or after telephone number’s clearing/storing operation. 


Others 


When there is no data in the specified memory address, an alarm sound is generated and 
that key input is neglected. 
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SOUND OUTPUT WAVEFORM 


Operation Confirmation Sound 
It is output for valid key input. 


2 kHz 


2 


32 msec 





Storing Confirmation Sound 
It is output when storing or clearing of telephone number has been completed. 


2 kHz 2 kHz 


ee 


_| [32m msec 0.5 sec 





Alarm Sound (a) 
It is output for the followings. 


@® Wrong key input. 
~ @ 33rd digit input for storing. 
@ ISTORE/key input when the empty capacity of repertory memory is less than 16 digits. 


2 kHz 3.5 kHz 


ee 


|_| 32 ms msec he eee msec 


[R] 


Invalid key 
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Alarm Sound (b) 
It is used when the repertory number using other telephone number’s abbreviated code 
as a part of it is used as a part of newly stored number. 


2kHz = 2kHz 3.5 kHz 


= 


32 msec [288 msec | msec 


fe} [A] fd 





Alarm Sound (c) | 
it is output when there is no data in the accessed memory address. 


1 kHz 


lit a 


2 kHz 2 kHz 1 kHz 


lil --—-fL_ 


32 msec 288 msec 


Ie} fa] fA 





Alarm Sound (d) 
It is output when redial is prohibited. 


2 kHz 1 kHz 


tilt ---- -t_ 


hae 288 msec 


Ie] LR] 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter Symbol Unit 
VIO Vss-0.3 ~ Vppt0.3 V 

Power Dissipation 
Operating Temperature Topr ee eee aC 
Storage Temperature Tstg ee a ee id 





Input/Output Voltage 





a 


DC Characteristics Vpp = 3.0 V, Vsg = 0 V, foge = 3.579545 MHz, Tg = -20 ~ +75°C 


Parameter Symbol Condition 
Operating Voltage Vpp | 
Memory Retention 
Voltage VpDpM_ | Standby mode 1. 
Curren Pulse Mode, No load 


Max | Unit 


+ 
< 
ce) 

< 


on 


N 
< 


:= 
> 


Consumption (1) 


<P) 
© 
nn 


1.2 


3 
> 


Current 
Consumption (2) IDDT Tone Mode, No load 


ON HOOK, 





Vpop = 2.5V 
Ta=25°C 


Memory Retention 
Current 


< 


MUTE, VOH = 2.6 ~200 


Output Current Sedma 
XMIT MUTE, DP VoL = 0.4 


< 





fella jelaliet 
Soe 


O;NIO|]N 
BLO) A] Oo 
<|/</|/<i,< 


QQ | ners ol 
NO NO © 


VOH = 2. 
Output Current 


OL2 VoL = O. 


|OH3 VOH = 2. 
Output Current “a MODE OUT 
VoL = 0. 
Input Current HS 
. Nha Vit =OV 





ww 
on) 
< 


—) N ro) 
N . : 
= 
> 








Haddad 
S 


He ViH =3.0V WA 
Input Current 

Lo Vit =OV uA 

lhHs LSEL, MB, DRS ViH =3.0V 300 | WA 
Input Current MODE SEL 

lis AC, TEST Vit =OV -2 LA 
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A ONArACEES ICs fosc = 3.579545 MHz, 2.5 VS Vpp $6.0 V, Ta = -20 ~ 475°C 


Parameter Symbol Condition. | Min | Typ | Max | Unit 


; 250 | 350 
Tone Output Your ROW side only | 150 | 250 mV 


VOUT 2 


High/Low Level 
A 


Tone Output Frequency fosc = 3.579545 MHz 


Nominal Frequency Output Frequency Distortion 
Key Input 


R, 766.2 -0.49 





7 





Signal Output Timing fosc = 3.579545 MHz 


bia | 100 
Pause - TIDP, Pulse auto dial (10 pps) mS 


+ Pulse auto dial (20 pps) 7 
m 
wk MSM6052-01RS 
Pulse auto dial (20 pps) om : 
| m 





MSM6052-20RS 
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TIMING CHART 
DP MODE TIMING CHART 
1) Normal dialing 


mt} 32 ~ 64 mS 


300 mS MSM6052-01RS 300 mS MSM6052-01RS 
100 mS MSM6052-20RS 100 mS MSM6052-20RS 


Tmop = Tipp 





2) Mode change-over by Tone key 1 


KEY IN f | | rove] | | 


wm} toe 1 ~ 33 mS 


Osc oS 7 


300 mS MSM6052-01RS 
| 100 mS MSM6052-20RS fe 32 ~64mS 


MUTE 


XMUTE 


300 mS MSM6052-01RS 
100 mS MSM6052-20RS 


DP 


Ttone 


TONE NS tee 


Tmot = 100 mS 
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3) Repertory dialing ) 


HS 
KEY IN 


OSC 


Repertory dialing 300 mS MSM6052-01RS 
125 mS MSM6052-20RS 

M UT E Redialing 33 mS MSS6052-01RS 32~64 ms 
100 mS MSM6052-20RS 


XM UTE Repertory dialing } 10 pps 1600 mS 
20 pps 900 mS MSM6052-01RS 
20 pps 1000 mS MSM6052-20RS 


Redialing 46 pps 800 mS 


20 pps 450 mS MSM6052-01RS 
DP 20 pps 500 mS MSM6052-20RS 
T 


{OP 


TONE 


DTMF MODE TIMING CHART 
1) Normal dialing 


ris || 


ben fa | | 32~64ms Fel 


300 mS MSM6052-01RS 300 mS MSM6052-01RS 
100 mS MSM6052-20RS 100 mS MSM6052-20RS 


Ttone 100 mS lee oe toe | 


Tmot 


Tmot = 100 mS 
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2) Repertory dialing, Last number re-dial 


Repertory dialing 300 mS MSM6052-01RS 
he 125 mS MSM6052-20RS 
Redialing 33 mS MSM6052-01RS 


100 mS _MSM6052-20RS ieee 


Repertory dialing 200mS 
Redialing 100 mS 
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OKI semiconductor 
MSM6052-05GS/10RS/11RS 


TONE/PULSE SWITCHABLE REPERTORY DIALER 


\ 





GENERAL DESCRIPTION 


The MSM6052-05GS, MSM6052-10RS and MSM6052-11RS are Tone/Pulse switchable 
repertory dialer which are fabricated by OKI’s low power consumption CMOS silicon 
gate technology. All of these LSIs can generate either DTMF (Dual Tone Multi Frequency) 
signal or DP (Dial Pulse) signal. 


The repertory memory has a capacity of 500 digits. Maximum 54* telephone numbers 
of 32 digits maximum per telephone number can be stored in it, so far as the total number 
of stored digits does not exceed 500 digits. 


All of these LSIls operate on 2.5 V ~ 6.0 V single supply voltage. Stand-by current is 
0.2 uA maximum and the memory retention voltage is 1.2 V. 


FEATURES 

@ Either DTMF or ODP signal can be @ Last number redial (32 digits maximum) 
generated. | @ Auto pause 4 sec. 

@e 500 digits repertory memory (54* @ Pulse rate 10/20 pps pin selectable. 
numbers maximum, 32 digits maxi- @® Make/Break ratio 34/66 or 40/60 pin 
mum/number). selectable. 

@ 24 telephone numbers which can be @ Alarm output for wrong operations. 
recalled by single key operation and @ 3.58 MHz for ceramic resonator oscilla- 
additional 30* telephone numbers tion circuit on-chip. 
which can be recalled by 2-digits abbre- @ Supply voltage range 2.5V~6V. 
viated code. @ Low stand-by current 0.2 uA maximum. 


@ Mixed dialing, Mixed storing (Repertory 
memory can be stored as a part of 
another repertory memory). 


MSM6052-05GS MSM6052-10RS MSM6052-11RS 


Both of On-Hook memory storing/clearing and 
Off-Hook memory storing/clearing 

or 
On-Hook memory storing/clearing only 
selectable 






Memory Storing/ 
Clearing 


On-Hook memory 
storing/clearing only 












Matrix keyboard input 
or 
Keyboard Interface 4-bit parallel data input 


selectable 


44 pin plastic FLAT 40 pin plastic DIP 28 pin plastic DIP 
package 
package package package 


* Incase of MSM6052-05GS and MSM6052-10RS, ’’Senbl”’ pin has to be set at ‘‘H’”’ level to enable 
30 numbers stored into 2-digits abbreviated code. 





Matrix keyboard input 
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PIN CONFIGURATION 


> 


nan 


DVD D 


1 


Dstb 
3 
HS 

MODE SEL 
MB 

NC 

DRS 


D 


MSM6052-10RS 


32 kHz 


TEST © 
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MSM6052-05GS 
a 
x 7AQOO0O Gy -~ a nm 
cer222 +OOd0O OO 
etetstalaitalelatatalte 
USL ie 
33) LSEL 
ie ©) [32] LEDs 
(32) 31] DP MODE OUT 
| 4 | 0} MUTE 
ee | 29) NC 
[ 6 | 28) XMIT MUTE 
Se | 27) DP OUT 
| 8 | 26) DTMF OUT 
| 9 | Penbl 
[10 | | 24 | OHSenb! 
Senbl 


XT 112 | 
XT O34 


32 kHz [14 | 


LSEL 
LEDs 
DP MODE OUT 


MUTE 


XMIT MUTE 


DP OUT 
DTMF OUT 


Penbl 
OHSenbli 
Senbl 
KEYenbl 
VDD 

BD 

AC 


~Vss 


NC Lid | 


TEST L16 | 


NC LIZ) 


Vss L18 J 


AC L19 | 
BD L20 | 


Vpop L21] 
KEYenb! [22 | 


MSM6052-11RS 





R, Cc, 

R, C. 

R, on 

R, C, 

R, L SEL 

R, DP MODE OUT 

R, MUTE 

HS XMIT MUTE 

MODE SEL DP OUT 

MB DTMF OUT 
DRS VDD 

XT BD 

XT AC 
TEST Vss 
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KEYBOARD INTERFACE 


Both of MSM6052-05GS and MSM6052-10RS have an option to choose either keyboard 
input or 4-bit parallel data input. This option is selected by the status of KEYenble pin. 

As for MSM6052-11RS, data is only input from the keyboard. The interface of MSM6052- 
O5GS and MSM6052-10RS with the keyboard and 4-bit parallel data input is described 
in the Figure 1, while the interface of MSM6052-11RS with the keyboard is described in 
the Figure 2. 7 


4-bit parallel data 


Dstb | | | | 


e 7D, YD, YD, YD, 


Y 
rete FL . 
o-p-o-O— Rs 
‘i 
b-€ bb R, 
An ay 42 Wel A me ai S 
+ & 2 ae | 
Dm am my R 
a | 
tet : 
ON 71) HN R 
NOU A SY 7 


Note | C 
- | é: 


: c 


Either single contact matrix keyboard input or 4-bit parallel data input is selected by the status 
of KEYenbl pin. 

When Keyenbl pin is at “"H’’ level: Single contact keyboard Input. 

When KEYenbl pin is at ‘“L’”’ level: 4-bit parallel data input. 


Figure 1 MSM6052-05GS, MSM6052-10RS keyboard interface. 
(Interface with single contact matrix keyboard and 4-bit parallel data input) 
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bd 


oe: 


(| 
NE, 
(\N\ 
ey, 
(\"\ 


Figure 2. 
MSM6052-11RS 
Keyboard Interface 





Interface with a single contact matrix keyboard 


o 


bas ~12 
Vopr 


SS SEL 


Lign2,4 


A 7 x 4 matrix single contact keyboard shall be used. L1/L13 ~ L12/L24 are single key 
dialing keys. By connecting or disconnecting LSEL to/from Vpp, two telephone numbers 
can be assigned for each key. 


So, the 24 numbers in total can be recalled by single key operation. “In addition to it, 
maximum 30 numbers can be abbreviated into 2-digit address code (00 ~ 29). 


* In this case, Senbl pin of MSM6052-05GS and MSM6052-10RS shall be set to ‘‘H”’ level. 
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4-bit parallel data input (Only MSM6052-05GS and MSM6052-10RS) 


When 4-bit parallel data input is selected by setting KEYenbl pin at ‘“‘L’”’ level, operation 
is executed by 4-bit data and strobe signals. 


In this case, however, dialing by single key operation cannot be used. 


Figure 3 shows an 4-bit parallel data input timing, while Figure 4 shows the 4- bit data 
and its corresponding data input from the keyboard. 


Dstb |_ | | | | 


33 msec min. 


Figure 34-bit parallel data input timing 


HEX Data 





KEY Data 


Note: C, ~ C, shall be set at ‘’L"’ level when OF F-Hooked in the stand-by mode. Oscillation 
will stop when key input or 4-bit parallel data input is stopped. 


Figure 4 4-bit parallel data and its corresponding key data 
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PIN DESCRIPTION 


Pin Name 


R, ~R, 


Cc, ~c! 


Dstb 


LSEL 


MB 


DRS — 


MODE SEL 


DTMF OUT 





wi 


eS N 
(ee) —_ 
ol N 


—_ 

— 
—_ 
LL 


= 
ioe) 


NO 
o 
NO 
ae 


4 


—_ 
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Function 


Key input pins. 

As for MSM6052-11RS, C, ~C, are set to low level 

in on-hook mode, while they are set to high level in 

off-hook standby mode. 

As for MSM6052-05GS and MSM6052-10RS, the 

C, ~C, conditions are as follows. 
Keyboard input: On-hook mode: Low 

Off-hook stand-by mode: High 

4-bit parallel data input: Constantly low 


(Only MSM6052-GS and MSM6052-10RS) 
When 4-bit parallel data input is selected, the data 
strobe signal is input to this pin. 


Hook switch input pin. 
HS = “‘H” level or open : 
HS = ‘’L”’ level 


On-hook 
Off-hook 





Selection pin for single key dialing. 
LSEL="L" oropen: L, ~L,, 
LSEL = ‘‘H” Legg ay 


Make/Break ratio selection pin. 
MB =“L” or open: 40/60% 
MB ="H"” 34/66% 
Note: This input is sensed in the transition stage 
from On-hook to Off-hook. 


mi 


Dial rate selection pin. 
DRS = “‘L”’ or open: 10 pps 
DRS = “‘H” 20 pps 
Note: This input is sensed in the transition stage 
from On-hook to Off-hook. 


DTMF/DP mode selection pin. 
MODE SEL =“‘L” or open: DP mode 
MODE SEL = "H”. DTMF mode 
if key is pressed in the DP mode, the 
DFMF mode is established. 
Note: This input is sensed in the transition stage 
from On-hook to Off-hook. 


DTMF output pin. 
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Pin Name 


DP OUT 


XMIT MUTE 


MUTE 


DP MODE 
OUT 


XT, XT 


Vpp. Vss 


TEST 


BD 


H-B-34 


~“ 


wo 
oO 


NO NO 
© 
Oo — 





12,13 


18, a 


te) 
on) 


16,17 


21, 24 


r —_ —_ 
“J 


NO 
© 


NO 


; NO 
NO NO 
Ww . NQ -_ 


12,13 


_ 
©) 


15,18 


AAS 





Function 


Dial pulse output pin. 

This pin is at ‘“H’’ level for ‘‘Make”’, and at ‘“’L”’ 
level for ‘‘Break’’. A “‘L”’ level output is also 
obtained when HS = “’‘H” or open (On-hook). 


Transmitter mute output pin. 
When HS = “‘H” or open (On-hook) : 
~XMIT MUTE = “L” 
When HS = L” (Off-hook) 
i. While DP signal or DTMEF signal is being 
output : XMIT MUTE = “L” 
iit. All other times: XMIT MUTE = “H” 
Mute output pin. 
When HS = ‘H” or open (On-hook) : MUTE ="L” 
When HS = "'L”’ (Off-hook) 
i. While DP signal is being CHIeE: MUTE ="L" 
ii. All other times : MUTE = “HH” 





Dial pulse mode output pin. 
When HS status is changed from ‘’H” or (On-hook) to 
“L" (Off-hook), either ‘’H’’ level or ‘’L’’ level signal 
is output from this pin by following conditions. 
MODE SEL="L": 
DP MODE OUT = “‘H” level output 
MODE SEL = “’L” level output 
DP MODE OUT = "‘L” level output 
A “‘L” level signal is output from DP MODE OUT 
pin even when MODE SEL = ""L"” and HS = ""L", 
if key is pressed. 


Ceramic resonator connection pin. 

Since MSM6052 is provided with an on-chip — 
oscillation inverter and feed-back resistor, a 
3.58 MHz ceramic resonator and capacitors are 
to be connected to XT and XT. 


Internal initialization pin. 
When this IC is powered on, a reset signal (‘‘H’”’ level). 
has to be applid to this pin. 


Vpp: Positive power supply pin (2.5 V ~ 6.0 V) | 
Vssg : Negative power supply pin (Ground) 


Test pin. This pin should be left open. 


Buzzer output pin. 





Pin Name 


KE Yenbl 


OHSenbl 


Senbl 


Penbl 


LEDs 


LEDp 


32 kHz 


NO 
NO 
oO 


OO 


NQ 


££ 
NO 


& NO NQ 


N) 
| 


ie) 
NO 


i) 


ioe) 


£ 
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Function 


(Only MSM6052-05GS and MSM6052-10RS) 
Either matrix keyboard input or 4-bit parallel data 
input is selected according to the status of this pin. 
KEYenbl = “’H’’: matrix keyboard input 
operation. 
KEYenbl ="L” : 4-bit parallel data input 


(Only MSM6052-05GS and MSM6052-10RS) 
Memory storage method is determined by the status 
of this pin. 

OHSenbli = *‘H’’: Both of On-hook memory storing 
and Off-hook memory storing 
are possible. 

OSHenb! = “‘L’’: Only On-hook memory storing is 
possible. 


(Only MSM6052-05GS and MSM6052-10RS) 
Memory storing into 2-digits abbreviated code is 
enabled/disabled by the status of this pin. 
Senbl = ‘‘H’’ : Memory storage into 2-digits 
abbreviated code is enabled. 
Senbl = “‘L"’ : Memory storage into 2-digits 
abbreviated code is disabled. 


(Only MSM6052-05GS and MSM6052-10RS) 
Manual pause cancel function is enabled/disabled 
by the status of this pin. . 


Penbl = “‘H’’ : Manual pause cancel function 
is enabled. 

Penbl = ‘‘L’’ : Manual pause cancel function 
is disabled. 


When manual pause cance! function is disabled, 
PAUSE |key is only used to establish the pause. 


(Only MSM6052-05GS and MSM6052-10RS) 

A “‘H” level signal is output during the memory 
store/clear operation. All other times, a ‘’L’’ level 
signal is output. 


(Only MSM6052-GS and MSM6052-10RS) 

A “‘H" level signal is output when a pause is 
established, while a ‘’L’’ level signal is output at 
all other times. 


(Only MSM6052-056S and MSM6052-10RS) 
Output terminal of 32 kHz lock. 
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FUNCTIONAL DESCRIPTION 


Dialing Function 


(1) 


(2) 


ni 
= (3) 


Normal Dialing 


Off-Hook [D,| [D,] [D3] --- —_ | 
( [D,,] designates for [0]~ [9], [%] , [#], or keys) 
"[P/R] : 


The maximum number of digits which can be dialed out at a time in the DP mode 
is 32 digits. Any additional digit is dialed out only after the first 32 digits are dialed 
out. | 


Before the first 32-digits are dialed out, any key input from the keyboard is 
inhibited. 7 : 


If more than 32-digits are dialed out either in DTIMF or DP mode, redialing of that 
number is disabled. | 


Note: In the DP mode, and key inputs are invalid. 


Redialing 
Off-Hook P/R 


When key is firstly pressed once after the telephone is On-hooked, the last dialed- 
out telephone number is dialed out. 


>: |PAUSE/REDIAL 


If the redial function is inhibited, an alarm tone is generated and normal dialing can be 
executed after that. | | 


Repertory Dialing 
Off-Hook [R] [Aj] [A] ---- 2-digits abbreviated code dialing 
or 


Off-Hook _ = Single key dialing | 
[RJ : 
~ (Calis | 
> (oj. [1]. 
J: [0] ~ [9] 
In case of 2-digits abbreviated code dialing, an alarm tone is generated if any key other 


than [0] or [2] key is pressed after [R | key. 


In this case, however, if [R] key is pressed again after the alarm tone and 2-digits 
abbreviated code is addressed after [R] key, the memory contents of that 2-digits 
abbreviated code will be dialed out. In this case, if any key other than [R] key is firstly 
pressed after the alarm tone, an alarm tone will be generated again. 


PIPE 


An alarm tone is also generated if the specified repertory memory has no contents, or 
if anotehr repertory has been specified within the selected repertory. 
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(5) 


(6) 


(7) 
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Mixed Dialing 
OffHook —[P/R] [Di] [R] [Ai] 


Nee! Nee eet 
Redial Normal dialing 2-digits abbreviated Single key 
code dialing dialing 


Consecutive dialing of redialing, normal dialing, 2-digits abbreviated code dialing and 
single key dialing is possible. In case of mixed dialing, however, redialing of the last 
dialed number can be executed only once and it must come to the first part of the 
mixed dialing. 


If the digits of the mixed dialed number do not exceed 32, that mixed dialed number 
can be redialed. (In this case, both of 2-digits abbreviated code memory contents and 
single key memory contents are counted as 3-digits. The digits of the redialing, however, 
depends on the contents of the redialing.) 


Pause 


When the key is pressed, transmission of DTMF/DP signal will temporarily 
be suspended after that digit. This pause is automatically released 4 seconds later. In 
addition to this automatic pause releasing, manual pause cancelling by pressing the 
key during the 4-seconds pause is available for MSM6052-11RS. As for 


MSM6052-05GS and MSM6052-10RS, this manual pause cancelling function is enabled/ — 


disabled by the status of Penbl pin. (Refer to the Note below.) 
By this manual pause canceling function by pressing | PAUSE] key during the 4-seconds 
pause, multi digits pause can also be cancelled by a single pause cancel operation. 
Note: As for MSM6052-05GS and MSM6052-10RS, the status of Penbi pin enables/ 
disables the manual pause cancel function. 
~ Penbl = “‘H’’: Pause can be manually cancelled by pressing | PAUSE | key. 


Penbl = ‘“‘L’’ : Pause cannot be cancelled manually. 


Switching to DTMF mode 
When | TONE} key is pressed in the DP mode, the mode is switched to DTMF mode 
from that digit. 


When [TONE | key is pressed during the DP signal is being transmitted out, a pause 
will automatically be inserted after the transmission of DP signal has been completed. 
DTMF mode is established and signals are transmitted after this pause has been released. 


This pause can also be cancelled manually. (Refer to (5) Pause.) 


Key input confirmation tone 
As for MSM6052-11RS, an operation confirmation tone is generated for the input by 


[o] ~ [9], [RECALL], [STORE], [PAUSE/REDIAL] and [TONE | keys in the DP 


mode and input by |RECALL|, |STORE], |[PAUSE/REDIAL | and | TONE] keys in 
the DITMF mode. : 


As for MSM6052-05GS and MSM6052-10RS, no operation confirmation tone is gener- 
ated for the input by these keys. An operation confirmation tone, however, will be 
generated for memory storing/clearing operation. 
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Memory Storing/Clearing Function 


As for MSM6052-05GS and MSM6052-10RS, two different types of memory storing/ 
clearing operations are available and these are determined ‘by the status of OHSenbl pin. | 
As for MSM6052-11RS, only On-Hook memory storing/clearing is available. 


MSM6052-05GS MSM6052-10RS MSM6052-11RS 


OHSenbl pin = “H”’ level: Only On-Hook condition 


















Memory storing/clearing 
is possible both in 

On-Hook and *Off-Hook 
condition 


OHSenbI pin = “L” level: 





Only On-Hook condition 


Memory storing/clearing operation condition 


* When Off-Hook memory storing/clearing is available, memory storing/clearing 


operation can be done even after the dialing operation. 


Memory storing/clearing operation is commenced by pressing |STORE| key and is 
stopped when any of following conditons is established. 


i. When the memory storing/clearing operation has completed. 

ii. When the interval between any two key inputs exceeds 20 seconds. 
iii. When the number of digits exceeds 32. 

iv. When total number of digits stored in the memory exceeds 500. 


An alarm tone is generated for above iii. and iv. 
A key input confirmation tone is generated for all key inputs. 


(1) Storing of telephone number 
Memory storing operation can be done by following operations. 
[S| sooo [D,,| mre Store into 2-digits abbreviated 
, | code address | 
oveee --=-- Store into single key address 
| : | 


In case of storing telephone number into 2-digits abbreviated code address, shall 


be any of [0 | : [1] or and shall be any of [0] ~ [9]. For any input other 
than these keys, an alarm tone is generated. 


In this case, however, by pressing {STORE key again enables to select the 2-digits 
abbreviated code address again. | 
If any key other than | STORE} key is pressed, an alarm tone is generated. 


If the empty space of the repertory memory is less than 16 digits, an alarm tone is 
generated at the first | STORE] key input. In other words, if an alarm is not generated 
at the first [STORE| key input, minimum 16 digits can be newly stored. 
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An alarm tone is generated at the 500th digit input showing the memory has no more 
capacity. That 500th input digit can be stored in the memory, however. if the 501st 
digit is input, an alarm tone is generated again and memory storing operation is can- 
celled. 


Maximum digits of a telephone number to be stored is 32. | TONE | key input and pause 
information by |PAUSE/REDIAL | key input are counted as one digit respectively. 


If the 33rd digit is input, an alarm sound is generated and memory storing operation is 
cancelled. 7 


24 telephone numbers can be abbreviated to single key dialing address, which are 
~ . Other than those single key dialing address, maximum 30 telephone 
numbers can be abbreviated to *2-digit address codes, which are os , SO far as 
total stored digits in the repertory memory do not exceed 500. 


* In this case, Senb! pin of MSM6052-05GS and MSM6052-10RS has to be set to “‘H”’ level. 


Mixed Storing 


a rR 
naeee Store into 2-digits abbreviated code address 
- 
oeoe- Store into single key address 
P/R : Last dialed telephone number 
~ : Normal dial 
| : Already stored telephone number 


Already stored telephone number 


A’;| {A’ : Newly stored address 
: Newly stored address 


The telephone number once stored in the repertory memory can be used as a part of 
the newly stored telephone number in the form of abbreviated code. The last dialed 
telephone number can also be used as a part of newly stored telephone number, but 
in this case the last dialed telephone number should come to the first part of the newly 


stored telephone number. Otherewise, input by | PAUSE/REDIAL| key is regarded as 


a pause information. 


Maximum 32 digits can be mixed stored. Either or [RECALL is 


counted as 3 digits, while number of the digit of the last dialed out telephone number 
depends on the contents of redialing. 


If [Lal key or | RECALL] key is pressed at the 31st or 32nd digit, an alarm sound is 
generated and storing is disabled. 


Abbreviated code used for the newly stored number must not include abbreviated code 
of the other telephone number. 
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(3) Clearing of telephone number | 7 
---- Clear the 2-digits abbreviated code address 
woe0- Clear the single key address 
Pressing | STORE | key twice followed by or clears the stored number 


in that address. 


(4) Redial Inhibition © 


Redialing is disabled by one of following conditions has been established. 
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When more than 32 digits are dialed out in a single dialing operation. 
In the memory storing/clearing operation, | STORE | is pressed followed by any 
valid key input. 


When the telephone is On-hooked, |PAUSE/REDIAL|! key is pressed twice 


prior to any key. 
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BUZZER OUTPUT WAVEFORM 


Key Input Confirmation Tone 


It is output for the following key input. 


Operation MSM6052-05GS MSM6052-10RS MSM6052-11RS 


DP [o] ~ [9], All 


mode Function keys 
Normal operation 
DTMF 
All Function keys 
mode 
Memory storin 
y a/ Valid key inputs Valid key inputs 


Clearing operation 





2 kHz 


SILL 


32 msec. ! 
I 


5, $< $$$ 





Memory Storing/Clearing Confirmation Tone 


It is output when storing/clearing of telephone number has been completed. 


2 kHz 


SITLL TT 


! 32 msec. 0.5 sec. 0.5 sec. 
i 


oe 
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Alarm Sound 


i. It is output for the followings. 
-— Wrong key input - 
— 33rd digit input for storing 
— [| STORE | key input when the empty Eaneeiy of repertory memory is less than 
16 digits 


2 kHz 


IE 


288 msec. | 
t 


# 
Invalid key input 





ii. [It is output when the repertory number, using other telephone number’s abbreviated 
code as a part of it, is used as a part of newly stored number. 


3.5 kHz | 1 kHz 


My UIVNNL Sf) I 


| t 

| 288 msec. | 288 msec. 
—$—$$_______»] Mag 
| | 


Le] [ad [Ad 





iil. It is output when there is no data in the accessed memory address. It is also output 
when redial is prohibited. 


1 kHz 


oe 


288 msec. 


rr 


Goa 
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TIMING CHART 


DP mode Timing chart 
1) Normal dialing 


KEY IN ! | | | | 


=| K—2 ~ 34 ms 





OSC 
>i i+—32 ~ 64 Ms —~| —32 ~ 64 ms 


MUTE | 100 ms 100 ms 





TONE DRS 


TIDP = TMOP 


2) Repertory dialing | : | i 


! Repertory dialing 125 ms : 
! Redialing 100 ms 3 32 ~ 64 ms 


10 pps 1600 ms 
LL LL Lye 20 pps 1000 ms 
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3) Mode change-over by TONE key 


100 ms 


pt ty 


Ttone ZA Tre 


Tmot = 100 ms 





DTMF mode timing chart 
1) Normal dialing 


Tmot = 100 ms 
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2) Repertory dialing, Redialing 


! ae ~33 ms ~ 64 ms 
ott , Repertory dialing 125 ms 
XMIT | WA Redial 100 ms ce | 
! Repertory dialing 125 ms 
DP | ! Redial 100 ms 
Per ce rE NE eT Te ae ev alata a Sel ae eS 
TONE Zz Z Z 4 Z Z 
es ag 
Ttone TIDP 


Signal output timing 


Parameter Symbol Typical Unit 
| Tone Output Time T tone 
Inter Digit Pause TIDP 2 800 ms 


; 


fosc = 3.579545 MHz 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter Symbol Ratings Unit | 
Power Supply Voltage VD —0.3~7 V 
v “03~Vop +03 |v 
Vv ° 
° 


D 
Input Voltage | 
Output Voltage O —0.3 ~ Vpp +0.3 V 


Power Dissipation 


Storage Temperature 


Operating Ranges 


Parameter Symbol Ratings Unit 


Power Supply Voltage Vppb fose = 3.58 MHz 2.5~6 V 


——20~ 75 — 26. 


wn 
o> 
( 


Memory Retention Voltage VDDM 


° 





Operating Temperature Top 


DC Characteristics Vpp =3.0 V, Vgg = 0 V, foge = 3.579545 MHz, Ta = -20 ~ +75°C 


“H”’ output current (1) 1IOHi 


ie 
T 
| 
je) 
x 


Unit 









MUTE 3.0 V | —0.2 mA 
XMIT MUTE 
“L' output current (1) loli DP OUT mA 





“H’’ output current (2) lOH2 mA 


“L™ output current (2) lOL2 LA 






o1o 


DP MODE OUT 
LEDs 


“H" output current (3) lIOLs BA. 


< 
O 
a os 
Hl 
N 
naa 
< 
w | w 


<}; <i < 
| 
N 
© 


oO 
—_ 
io) 


“LL output current (3) IOL3 VoL =0.4V_ ]3. 


VOH =2.6V_ /3.0 V |—150 


LA 
“H” output current (4) lOHa 


““L! output current (4) lOL, 





“H"’ output current (5) IOHs 


“L" output current (5) IOHs 


okgan iipboocl Ne scam Midi 
oO} °o 
<< 


“H'’ input voltage VIH 


< 


“L" input voltage VIL 


< 


is 
> 


oO [e) wo 
=) oO (-) 
<< < 
BSS NO NO WwW 
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Parameter Symbol Conditions /Vpp| min | Typ | Max. Unit 
“"H”’ input current (1) 6.0 V Pay es 2 UA 
3.0 V | —20 | = [180 
“L'' input current (1) Mes LA 
sov|-s0 | = |-260 
Vip =6.0V |6.0V 180 
“H" input current (2) liHe LA 
Vin = 3.0V 3.0) 10 | } 90 | 
“L" input current (2) ViIL=OV }6.0V) = _ —2 | WA 
me. | vin=60v |6ov| 60 | — | 600 | 
“H’’ input current (3) lhHs eon LA 
vdeete. | vin=30v [30v] 30 | — | sto 
sv] = [oa [oe 
Power supply current (1) Pulse mode, No load mA 
gov] = [12 [24 
sav] — [12 | 24 
Power supply current (2)| IpprT Tone mode, No load mA 
Power supply current (3)| IDDM Noe cy 2.5V ee LA 


m 


AC Characteristics fosc = 3.579545 MHz, 2.5 V < Vpp $600 V, Ta = -20 ~ +75°C 






Parameter Conditions /Vpp | Min Typ Unit 
Cycle time tcy f = 3.579545 MHz 3.0 V 17.9 = MS 
[0 | = 
For row only mV 
Tone output VOUT }40V] — | 350 | | 
RE =1kQ | rms 
Sov] — [so | — 
High/low level ratio dBcr dB 
sovl + [2 |e 
Distortion % dis RL =1kQ % 
sovp = | 
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DTMF Tone Output Frequency 


Nominal frequency (Hz) 


697 


= 


770 


N 


we 
© 
O1 
NO 


1209 


_— 


1336 


QO; OA; OO; D) Vv) Dv) Dw 


ao 


iS) 
& 
— 


1477 


fose = 3.579545 MHz 
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Output frequency (Hz) | 
699.1 
766.2 
847.4 
948.0 
1215.9 
1331.7 
1471.9 


Distortion (%) 
+0.30 
-0.49 
-0.54 
+0.74 
+0.57 
-0.32 
-0.35 





MSM6052-25RS 


TONE/PULSE SWITCHABLE REPERTORY DIALER 


GENERAL DESCRIPTION 


The MSM6052-25RS is a repertory tone/pulse switchable dialer which is fabricated by 


OKI semiconductor 


OKI’s low power consumption CMOS silicon gate technology. This LSI can generate either 
DTMF (Dual Tone Multi Frequency) signal or DP (Dial Pulse) signal. 

The repertory memory has a capacity of 505 digits. Maximum 52 telephone numbers 
of 32 digits maximum/number can be stored in it, so far as total number of stored digits 
does not exceed 505. 
It operates on 2.5 V ~ 6 V single supply. Standby current is 0.2 uA maximum 
(Vpp = 2.5 V Ta= 25°C) and memory retention voltage is 1.2 V. 


FEATURES 

@ Either DTMF signal or DP signal gener- 
ation. 

@ DP/TONE output starts 100 msec after 
keying in normal dialing 

@ 505 digits repertory memory. 

(52 numbers maximum, 32. digits 
maximum/number). 

@ 22 numbers repertory dialing by single 
key dialing plus maximum 30 numbers 
repertory dialing by 2-digit abbreviated 
code dialing. 

@ Last number redial (32 digits maximum). 

@ Mixed dialing/storing. 


Auto insersion of 4 seconds access pause. 
Pulse rate 10/20 pps pin selectable. 
Make/Break ratio 34/66 or 40/60 pin 
selectable. 

Tone output for valid key input (2 kHz, 
32 msec). 

Alarm tone for wrong operations. 

Single contact matrix keyboard to be 
used. 

3.58 MHz oscillation circuit on chip 
for ceramic resonator. 

Supply voltage range 2.5V~6V. 

Low standby current 0.2 wA maximum. 
(Vpp = 2.5 V, Ta = 25°C) 

28-pin plastic DIP Package. 
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PIN CONFIGURATION 


L SEL 





7p) 
R, oc DP MODE OUT 
un) ee 
R, > MUTE 
* N 
HS re XMIT MUTE 
o 
MODE SEL [9] = DIAL PULSE 
7) 
MB 1/10] = DTMF OUT 
DRS Wob 
xT [12 BD 
xT [13] 6] AC 
TEST [14] Vss 


tf 


ILioo Lio an ar Redial 


OQ-—-———— LSEL PIN 
L,,~L,, 





A 7 x 4 single contact keyboard shall be used. L,/L,2~L ,,/L22. are one touch memory 
recall keys. By connecting or disconnecting LSEL to/from Vpp, two telephone numbers 
can be assigned for each key. So, the 22 numbers in total can be recalled by single key 
operation. 

In addition to it, maximum 30 numbers can be abbreviated into 2-digit address code 
(00 ~ 29). 
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PIN DESCRIPTION 


Pin Name 


Ry ~ Ry 
Orta Oy 





7 





LSEL 


MB 


MODE SEL 


XT, XT 





Vppb. Vss 


AC 


TEST 





@ TELEPHONE: MSM6052-25 ¢ 





Pin No. Function 
anced Key input pins. 
25 ~ 28 C, ~ C, are set to low level in on-hook mode, while they 
are set to high level in off-hook standby mode. When 
the key input is off, key scanning and oscillation stop. 
Single contact keyboard shall be connected. 
8 Hook switch input pin. 
HS = High: —On-hook 
HS = Low: Off-hook 
24 Selection pin for L;~L 4, or L},~L4 2 for single-key dialing. 
LSEL = Low: Ly om Lay 
LSEL = High: Lio ke L4> 
See eee: 
10 Make/Break ratio selection pin. 





12, 13 


18, 15 





DP/DTMF mode selection pin. 


MB = Low: 40/60 
MB = High: 34/66 


This input is sensed during the transition stage from 
On-hook to Off-hook. 


Dial rate selection pin. 
DRS = Low: 10 pps 
DRS = High: 20 pps 


This input is sensed during the transition stage from | | 
On-hook to Off-hook. . 


MODE SEL = Low: DP mode 
MODE SEL = High: DTMF mode 


The status at off-hook is maintained. 


If{[TON Elkey is pressed when this pin is being set to low 
level, the DIMF mode is established. 





Ceramic resonator connection pins. 

Since this LSI is provided with oscillation inverter and 
feed-back resistor, 3.58 MHz ceramic resonator and 
Capacitors are connected to XT and XT pin. 


VpD: Positive power supply pin.2.5V~6V. 
Vss: Negative power supply pin (Ground). 


IC initial pin. When IC is powered on, ‘’H” level reset signal 
has to be applied to this pin. 


Test pin. 
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Pin Name Function 
BD 417 Buzzer output pin. 
It outputs key tone for valid key input. 
It also outputs various alarm/confirming tone. 
Refer to “Sound output waveforms” for details. 
DTMF OUT 19 DTMEF output pin. 
In case of double keying or pressing some key without 
releasing a previous key, DTMF output is disabled. 
DIAL PULSE 20 Dial pulse output pin. 
Make: High 
Break: Low 
HS = High (On hook): Low 
XMIT MUTE 21 Transmit mute output pin. 
When HS = High (On-hook): Low 
When HS = Low (Off-hook) 
(1) While DP signal or DTMF signal is being 
sent out: Low 
(2) All other times: High 
MUTE 22 Mute output pin. 
When HS = High (On-hook): Low 
When HS = Low (Off-hook) 
1) While DP is being sent out: Low 
(2) All other times: High 
DP MODE OUT 23 Dial Pulse Mode output pin. 
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MODE SEL = High: Low 
MODE SEL = Low: High 


When mode is changed to DTMF mode by TONE key 
input: Low 
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FUNCTIONAL DESCRIPTION 
Dialing Function 


(1) Normal Dialing 


Off-Hook {D))..... 


Maximum 32 digits can be sent out at a time. Further key inputs are effective only 
after the first 32 digits have been sent out TPRUSE the line. If more than 32 digits are dialed, 
redialing of that number is disabled. Pressing [ PAUSE | key causes 4 seconds access pause. 
The access pause is released automatically 4 seconds later or manually oe pressing | PAUSE , 
[RECALL], [STORE] or [TONE] key again. 

Switching from DP dialing to DIMF dialing can be done during the course of dialing. 
By pressing key during DP mode, the mode is changed to DIMF mode. When 
TONE | key is pressed, if DP signal is being sent out, the mode will be changed after send- 
ing out all DP signal and an access pause of 4 seconds is automatically inserted. An access 


pause can be released earlier by pressing |PAUSE!], |RECALL|, or key, 


if so desired. 


(2) Redialing 


Off-Hook | Redial | 


The last dialed number can be redialed by pressing | Redial | key. The functions of [TONE | 
and [PAUSE signals included in the redialed number are same as in the repertory dialing. 
When the redialing is being prohibited, an alarm sound is generated at the key input. 
The normal dialing can follow after that leaving the telephone off hook. 


(3). Repertory Dialing fi 


Off-Hook [R| [A>| 


Off-Hook 


The ‘coy, numbers abbreviated to [en] code can be dialed by ane RESALE key operation 


( [La] ~ [e22} ) , While those abbreviated to 2-digit can be dialed by pressing [RECALL] key 
followed by 2- digit code. 


lf a wrong address code is input, an alarm sound is generated. 
If a stored number has an access pause, dialing halts for 4 seconds or until .|_PAUSE} , 
RECALL], |STORE] or | TONE} key is pressed. If a stored number has a | TONE | signal, 


the dialing mode is changed from DP mode to DTMF mode, and dialing halts for 4 seconds 


oruntil |PAUSE!}, |[RECALL|, |STORE]} or | TONE |} key is pressed. 
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(4) Mixed Dialing 


Off-Hook [Redial] [D,]_ ..... 
aE rn 


Redial Normal dialing 2-digits Single key 
abbreviated dialing 
code dialing 


Mixed dialing of normal dialing, redialing and repertory dialing can be done. In that case, 


however, redialing must come to the first part. If the digits of the mixed dialed number 
is up to 32, that number can be redialed. 


Memory Storing/Clearing Function 


(1) Storing of telephone number 


Off-Hook |S] jDy]  ..... [Dn] [S| Dn} [S| Ai] [Az Ay] [Ag] (Store into 2-digits abbreviated 


code address) 
[Ss] ae [s | (Store into single key address) 


Storing operation can be continued leaving the telephone off hook. When the storing — 
of a telephone number has been completed, a sound is generated to indicate that the next 


number's storing is allowed. The first [STORE| key input can be omitted from the second 
number. 


If the empty space of the repertory memory is less than 16 digits, an alarm sound is 
generated at the STORE, STORE| key input. In other words, if an alarm is not generated 
at the first |STORE| key input, minimum 16 digits can be newly stored. 


An alarm sound is generated at the 505th digit input showing the memory has no more 
capacity. That 505th input digit can be stored in the memory, however, if the 506th digit 
is input, an alarm sound is generated again. That input digit is neglected and the entire key 
operation is disabled until the telephone is hooked on. 


Maximum digits of a telephone number to be stored is 32. | TONE sana and |PAUSE | 
signal are counted as one digit respectively. 


If the 33rd digit is input, an alarm sound is generated and the entire key operation is 
disabled until the telephone is hooked on. 


24 telephone numbers can be abbreviated to single key address codes, which are 


~ . Other than those single key address codes, maximum 30 telephone numbers 
can be abbreviated to 2-digit address codes, which are 00 ~ 29, so fas as total stored digits 
in the repertory memory do not exceed 505. 


[o| ~ can be used for the first digit ,and [0] ~ [9] can be used for the second 
digit . If a wrong number is used, an alarm sound is generated and that: input is 
neglected. 
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(2) Mixed Storing 


Off-Hook [s | [D,] Sass IDnl [R]} [Aj] 


sockets Store into 2-digit abbreviated code address 


Off-Hook | SJ] {Lm [Dy] oe. Is | 


SIE are Store into single key address 


The telephone number once stored in the repertory memory can be used as a part of the 


newly stored telephone number in the form of abbreviated code ([Ly] or ). 
Maximum 32 digits can be mixed-stored. Either [Ly] or [R] [A2] is counted as 
3 digits. 

Therefore, if key or [R] key is pressed at 31st or 32nd digit, an alarm sound is 
generated and storing is disabled. 

Abbreviated code used for the newly stored number must not include abbreviated code 
of the other telephone number. 


(3) Clearing of Telephone Number 


Off-Hook |S | 
Ll 


Clearing operation can be continued leaving the telephone off hook. Pressing | STORE 
key twice followed by key or 2-digit code clears the stored number in that address. 
Clearing operation and storing operation can be done alternately leaving the telephone 


off-hook. 
If a wrong address code is input after pressing | STORE | key twice, an alarm sound is 
generated and that key input is neglected. 


Redial Inhibition 


Off-Hook (After signals sent out) 
Off-Hook [D,| eats (After signals sent out) Is] 


Pressing | STORE] key twice after all signals have been sent out to the line disables 
the redialing of that telephone number. It is applicable to any of normal dialing, repertory 


dialing and mixed dialing. Redialing is also disabled when more than 32 digits are dialed - 


or after telephone number’s clearing/storing operation. 


Others 


When there is no data in the specified memory address, an alarm sound is generated and 
that key input is neglected. 
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SOUND OUTPUT WAVEFORM 


Operation Confirmation Sound 
It is output for valid key input. 





2 kHz 


a 








a ee | oe 


32 msec 


Storing Confirmation Sound 
It is output when storing or clearing of telephone number has been completed. 















2 kHz 2 kHz 


_I lil —__| | 


_| [32m msec 0.5 sec 0.5 sec 





























Alarm Sound (a) 
It is output for the followings. 
@ Wrong key input. 


@ 33rd digit input for storing. 
e [STORE |key input when the empty capacity of repertory memory is less than 16 digits. 



































2 kHz 3.5 kHz 
ee msec ee msec 
LR 
Invalid key 
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Alarm Sound (b) 


It is used when the repertory number using other telephone number's abbreviated code 
as a part of it is used as a part of newly stored number. 


2kHz = 2kHz 3.5 kHz 


_ i 


32 msec [288 msec | msec 


A Aw 





Alarm Sound (c) 


It is output when there is no data in the accessed memory address. 


1 kHz 


4 a 
288 msec_| 


2 kHz 2 kHz 1 kHz 


LM = 


32 msec 288 msec 


le] ofa] BY 





Alarm Sound (d) 
It is output when redial is prohibited. 


2 kHz 1 kHz 


Lit ---- tL 


ae 288 msec 


Ie} LR 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter Condition Unit 

Supply Voltage Vpp V 

- Input/Output Voltage VIO V 
Power Dissipation PD mw 












Operating Temperature 


Storage Temperature | -55 ~ +125 i 


DC Characteristics Vpp = 3.0 V. Vsg = 0 V, fogc = 3.579545 MHz, Ta = -20 ~ 475°C 


ax | Unit 


xe) 
Hi 








Operating Voltage Vpp ¥ 
Memory Retention | 

Voltage VDDM Standby mode Vv 
Current 


Consumption (1) IDDP Pulse Mode, No load 





Current 


Consumption (2) mA 


lIDDT Tone Mode, No load 


—_ NO 
N on 
_ Ww 4 
N 
pa 
= 
> 
















[ Memory Retention 
MUTE M 
Output Current OH vile Sag caind aerate? 
lOH2 -1 iets ‘mA 
- Output Current 
ou io || 
ot [20] = [= [m 
Output Current tons | “a MODE OUT 
rio [=| - | 
Input Current — 
Nha -20 Lad -180| wA 
m re [= | [on 
Input Current 
i = |= [2] 
Input Current MODE SEL 
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AC Characteristics fosc = 3.579545 MHz, 2.5 V < Vpp $6.0 V, Ta = -20 ~ +78°C 


Condition Min | Typ |; Max | Unit 


ROW side only WDD. = a0 goP 3) BOO ny 
A Vpp =4.0Vv_ | 200/340 | 570 | '™S 


Parameter 





Key Input Time 














Tone Output 





High/Low Level 











Ratio 1.0 2.0 3.0 dB 
Distortion — % 
Tone Output Frequency fosc = 3.579545 MHz 

Nominal Frequency Output Frequency Distortion 
K 
R, 697 699.1 +0.30 
R, 770 766.2 -0.49 
R3 852 847.4 -0.54 
R4 941 948.0 +0.74 
C, 1209 1215.9 +0.57 
C, 1336 1331.7 ~0.32 
C3 1477 1471.9 -0.35 
Signal Output Timing fosc = 3.579545 MHz 
Parameter Symbol Condition Unit 
Tone Output Time Ttone 





Pause TIDP, Pulse auto dial (10 pps) 


Tone auto dial 100 mS 
- TIDP, Tone auto dial 100 mS 
Inter Digit 
TIDP, Pulse auto dial (20 pps) | 500 | 
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TIMING CHART 
DP MODE TIMING CHART 
1) Normal dialing 


KEY IN i | | | | 7 


OSC 


|} 32 ~ 64 ms w}—j~a-— 32 ~ 64 mS 
pe UU LR UU LR 
' Tmop Tmop 


TONE DRS 


Tmop = Tipp 


1] 2) Mode change-over by Tone key 





OSC 


100 mS me 
| | | 32~64ms cee ed 


MUTE 


XMUTE 
100 mS 


DP 
Tmop 
: Ttone 


TONE | SS te : 


Tmot = 100 mS 
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3) Repertory dialing 


32 ~64 ms 


10 pps 800 ms 
20 pps 500 ms 


Tipp 





DTMF MODE TIMING CHART Tl 
1) Normal dialing 








KEY IN 


pana ae 


MUTE 32 ~ 64 mS 
XMUTE eecen! 64 mS 
100 mS 


100 mS 


OS 


QO 


DP 
Ttone 100 mS Rested od 
Tmot Tmot 
TONE 





Tmot = 100 mS 
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2) Repertory dialing, Last number re-dial 





H-B-62 


OKI semiconductor 
MSM5070RS/MSM5071RS 


TONE/PULSE SWITCHABLE DIALER WITH REDIAL 


GENERAL DESCRIPTION 


The MSM5070RS and the MSM5071RS are TONE/PULSE switchable dialers, with a 


redial function, which are fabricated by low power consumption CMOS metal gate tech- 
nology. 
The only difference between the MSM5070RS and MSM5071RS is Make/Break Ratio. 
The MSM5070RS has 33/67% Make/Break Ratio, while MSM5071RS has 40/60% Make/ 
Break Ratio. 
These LSI can generate either DTMF or DP signal. 

The maximum number of digits which can be dialed out are 31 digits. If the last dialed 
telephone number exceeds 32 digits, this redial memory area is used as a FIFO momory. 

The operating voltage of these LSIs are 2.5 V — 5 V, while the minimum voltage required 
for memory retention is 1.2 V. 


FEATURES 


Auto switching of DTMF/DP signal for 


redial function 


Last number redial, 31 digits maximum 
(If the dialed out telephone number 
exceeds 32 digits, this redial memory 
area is used as a FIFO memory.) 
Manual pause (By pressing 
PAUSE or TONE key) 

Pulse rate selectable, 10 pps/20 pps 
Either single contact keyboard or stand- 
ard 2 of 8 keyboard can be used 


either 


Operating voltage, 2.5V—5V 

Memory retention voltage, 1.2 V 
minimum 

3.58 MHz crystal oscillation 
MUTE/XMIT MUTE output 

18 pin plastic DIP package 






Make/Break Ratio 
33/67% 
40/60% 









MSM5070RS 
MSM5071RS 
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FUNCTIONAL BLOCK DIAGRAM 


a een” 


X.MUTE MUTE DP TONE XT XT 


OUTPUT LOGIC a DIMF 


 ) eee 
(1) Vop 
REDIAL MEMORY 31DIGIT|_| 


KEYBOARD LOGIC LU (6) Vss 
aD Biwi 
R 




























R HS MODE 


KEYBOARD LAYOUT 


4 x 4 matrix keyboard as shown above shall be used. Either single contact keyboard or 
standard 2 of 8 keyboard can be used. 
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PIN DESCRIPTION 


Pin Name 
R, ce Ra 
Coo C3 


HS 


DTMF OUT 


DP 


XMIT MUTE 


MODE 


XT, XT 


13 ~ 16 
2 


== oad o> 
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Function 


Key input pins scanned at 500 Hz. 
Single contact keyboard or 2 of 8 keyboard shall be 
connected. 


HOOK SWITCH input pin, pulled up to Vpp. 
HS = Open: “ON HOOK” 
HS =Vss : “OFF HOOK” 


DTMF output pin. 
Open emitter output. 


Dial pulse output pin. 
MAKE : High level 
BREAK: Low level 


“ON HOOK”: Low level 
CMOS Output 


MUTE output pin. 

“ON HOOK” : Low level 

During DP output: Low level 

All other time (When HS = Low level): High level 
CMOS output 

MUTE output pin for transmitter. 

(HS = Open) “ON HOOK” : Low level 

During DP or DTMF output: Low level 

All other time (When HS = Low level): High level 


Mode selection pin. 

MODE =“"Vpp”": DTMF mode 
MODE = “Open”: DP mode, 10 pps 
MODE = “‘Vss” : DP mode, 20 pps 


3.58 MHz crystal connection pin. 

Since both MSM5070RS and MSM5071RS are provided 
with on-chip CG, CD and Rfb, no external components 
are required for the connection except a crystal 
oscillator. 


XT 


CG 
=a ea 


CD 
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FUNCTIONAL DESCRIPTION 


Redial 
The maximum number of digits which can be stored in the redial memory area is 31 


digits. As for the number which exceeds 32 digits, this memory area is used as a FIFO 


memory, in this case the redial function is prohibited. | | 
By pressing key, the redial function is disabled. If key is pressed or the tele- 
phone is ON HOOKed during DTMF/DP signal is being output, signal output is stopped and 


the redial is disabled. RD 
Note: [RR]: RESET 


Mode Selection 
Signal output mode is selected by the condition of MODE pin (pin 10) as described in 
PIN DESCRIPTION. 


Mode change from DP mode to DTMF mode 
DTMF mode can be established automatically by connecting MODE pin to Vpp or 
pressing TONE key during DP mode. The mode cannot be changed from DTMF mode to 
DP mode by the input from the keyboard. | 
lf the mode is changed from DP mode to DIMF mode by pressing the TONE key, a pause 
is automatically inserted and the output of signal is disabled until the pause is manually 
released. 


Pause 

A pause is inserted by pressing the key or key. This pause is manually 
released by pressing any key. At that time, [PAUSE], [REDIAL] and keys function 
only to release a pause, and their original functions are suppressed. In case of other keys, 
however, they provide not only a pause release function but also their original function. 

If a pause is used during the course of dialing, this ‘pause’ information is automatically 
inseterd. In case of redial, however, the pause condition has to be released manually. 


Mixed Dialing 
After the stored number ve been redialed, normal dialing can be added. In that case, 


the repertory number plus added number is stored in the memory for the next redialing, 


if the total digits are within 31. If the total digits are more than 31, redialing is disabled. 
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DP MODE TIMING CHART 


@ Normal Dialing 


MUTE 
XMIT MUTE 
Make — 


1] 2] 13 





© Redial Tl 


REDIAL 


KEY IN | | 


--| -—tKIN 
MUTE 
XMIT MUTE 
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DTMF MODE TIMING CHART 


® Normal Dialing 


TKIN 


MUTE. | 
XMIT MUT | | J ior | | | 


TONE 


tIDP 
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AC CHARACTERISTICS 


1) Key Operation Time fy tal = 3.579545 MHz 2.52 Vpp $5.0V 
Parameter Min Typ Max Unit 
Effective key input time tKD ; op. iy. S|, ee ms 
Key scanning frequency | fkey | - | s00 | — | Hz 
Key input time 36.7 ms 


N 
| 
7 


On-Hook confirming time tONH 


2) DTMF Output Frequency fy TAL = 3.579545 MHz 


R, 697 p81 +0.30 


3) DTMF Signal 0 


fy TAL = 3.579545 MHz 


4) DP Signal fy TAL = 3.579545 MHz 
Make | Dial pulse | Break tPDP tiDP tmoOP 
10 | 67 98.3+2 | 831.342 | 800 
MSM5070RS 33 
31.842 | 465.342 450 
| 10 | 60 105.342 | 905.342 | 800 
MSM5071RS 
| 35.342 | 485.342 | 450 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Supply 
voltage 


Input 
voltage 


Output 
voltage 


Power 
dissipation 


Operating 
temperature 


Storage 
temperature 
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Symbol 
VDD 
VIN 
Top 


VOUT 


Tstg 


Condition 





Rating 


Ta=25°C Vss —0.3 ~ Vpp +0.3 
Ta=25°C Vss —0.3 ~ Vpp +0.3 
Ta=25°C | 200 


—20 ~ +75 


—55 ~ +125 
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ELECTRICAL CHARACTERISTICS 
fx-TAL = 3.57945 MHz Ta = 25°C 


a Rating ; 
Parameter Symbol Condition Unit 
Typ Max 
Operating 
voltage VDD V 
Power 


consumption (1) 3 


No load, key input off, operation 
consumption (2) halt, Vpp =5 V 
Memory retention 
voltage VDDH | On hook, operation halt 


Memory retention On hook, operation halt, 
current Vpp =2.5 V 


No load, during tone output, 
Vpp=5V 
Power : i ; i 


20 
1.2 


c= 
< > = 





0 
S) 
= 





ro) 
N 

= 
> 





0.8Vpp 


0. 


Input voltage (1) VIF: VDD 


(pCa. R,~R,) 


< 


0.2Vpp 


ViH2 


0.9Vpp VDD 
4AVpp/I0.5Vpp0.6Vpp|_ =O 


Input voltage (2) 


(MODE) VIM2 





= 
Dg 


| 
w 
als 


Vito | Vss | 0.1Vpp 
Input current (1) Na | voossy Lynn Se zn 
ee Ns ee FVit=0.0V | —60 | —120 | —240 | © 
Input current (2) TH, , 
(Co~C,,Ri~R,) | ay, 180 | 275 | ° 
Input current (3) a |e za I 
MODE 20 | uA 





—160 | —250 


lits 


ViL=O5V 
Output voltage (1) 


(MODE) VOM Vpp = 2.5 ~ 5 V Open 0.45Vpp 


Output current lOH: VOH =2.6V/| —0.2 
XMITMUTE,, Vpop=3V 
MUTE, DP lOLi 


Oscillation rise _ i. 
time _| tRISE Vpp =25~5V 


0.5Vppi0.55Vpp|_ «VV 










w 
—_ 
ro) 
3 

n 


=| 
> 





Tone output . z 
voltage VOUT Vop =3V RL=1k2 


High/Low ratio dBCR Vpp =2.5~5V 
Distortion % Dis Vpp =2.5~5V 
Internal - as 

capacitance ae VOD ana oy 


3 
< 


30 


io) 


RMS 


OQ 
es) 


2.5 


a 


12 


Ae) 
mT 


w 


EE 
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Z2-a-l 








HOOK SW 









SPEECH 
DTMF NETWORK 









MUTE XX. MUTE 


TONE 
oO 


O O— 10 pps 


°~~] 20 pps 


LINDYID NOILVOMIddV SHLZOGWSIN/SHOZOSWSIN 


C2 3.579545 MHz 


il 
i 
| 
ico] 00 oS 
$< ——@ L2/OLOSNSW -ANOHd3 14 ¢ 


OKI semiconductor 
MSM6224RS 


DTMF TONE DIALER LSI 


GENERAL DESCRIPTION 
The MSM6224RS is a TONE dialer LSI which is fabricated by OKI’s low power consump- 
tion CMOS silicon gate technology. 


The MSM6224RS can generate 16 kinds of DTMF (Dual Tone Multi Frequency) signals 
each of which consists of 4 higher group frequency and 4 lower group frequency. 


FEATURES 
@ Either the standard 2 of 8 keyboard or the @ Supply voltage 2.5V ~8.5 V. 
calculator type keyboard can be used. @ Either the single tone or the dual tone 
@ Low power consumption by use of the ouptut. 
CMOS silicon gate technology. @ 3.579545 MHz crystal oscillation. 


FUNCTIONAL BLOCK DIAGRAM 


OSC 10 


.OSC 0 O 


KEYBOARD 
LOGIC JOHNSON 
(ROW) COUNTER 


LADDER 
ETWORK 


KEYBOARD PROGRAMMABLE 8 STAGE 
LOGIC DIVIDER JOHNSON 
(COLUMN) 92, 84, 76, 68 COUNTER 
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PIN CONFIGURATION 


16 Lead Plastic DIP 
(TOP View) 






Voo Lt 116] TONE OUT 


5] SINGLE TONE INHIBIT 
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PIN DESCRIPTION 


Pin Name 
OSC1, OSCO 
R1~R4,C1~ C4 
MUTE 


7,8 


14, 13, 
12,11, 
3, 4, 
5,9 


10 
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Function 


The 3.579545 MHz crystal oscillator is connected to these pins. 
A feedback resistor and the condensers are incorporated. 


OSC1 


nak 
r C 


MSM6224RS 








R1 ~ R4 are the !/O pins of the row side, while C1 ~ C4 are 
the 1/O pins of the column side. All of those pins are provided 
with the pull up resistors internally. The resistance value is 
20K ~ 150K ohms. 

The dual tone is output from the TONE OUT pin by connecting 
a row input to a column input or by setting both of a row 
input and a column input to the ground voltage. Either the 
calculator type keyboard or the standard 2 of 8 keyboard 
can be used with MSM6224RS. 


Key board 
interface 
















Single 
contact 
(Calculator ' 

type) 





zi 


—sA tL 
ROW COLUMN 


\— COLUMN 
GND MSM6224RS 
ROW 


Standard 2 of 8 keyboard 


The Table 1 shows the relation between the nominal frequency 
and the tone output frequency while the Table 2 shows the 
input conditions of R1 ~ R4 and C1 ~ C4. 


e@ Refer to the note. 


The MUTE pin drives the external bipolar transistor by the 
CMOS output. This pin is low level when the key input is off, 
while it becomes high level when the key input is on. The MUTE 
is used for the mute of the receiver. 


Key input 


| ON | 
OFF OFF 


> QO MUTE 


MSM6224RS 
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Pin Name 


XMIT 


SINGLE TONE INHIBIT 


ie TONE OUT 


Vpp. Vss 


II-B-76 


Function 


The XMIT pin drives the external bipolar transistor by the NPN 
open emitter output. This pin is high level when the key input 
is off, while it becomes open when the key input is on. The. 
XMIT pin is used for the mute of the transmitter. 


Key input 


OFF ON 


OFF 


XMIT 
me | [eu 


Open 


MSM6224RS 





When more than two columns are selected against only one 
row, or when more than two rows are selected against only 
one column, the single tone is output from the TONE OUT 
pin. The SINGLE TONE INHIBIT pin is the negative logic input 
pin to control the output of the TONE OUT pin in those cases. 
Refer to the Table 2. | 

When the input to this pin is high level, both of the single tone 
and dual tone are output from the TONE OUT pin. When the 
input to this pin is low level, however, the single tone is 
prohibited to output from the TONE OUT pin and becomes 
DC level. This pin is provided with the pull up resistance of 
20K ~ 150K ohms. ; 








Vpp 


20K ~ 150KQ 





SINGLE TONE INHIBIT 9 
MSM6224RS 


The low group frequency and the high group frequency selected 
by the keyboard are synthesized and output from this TONE 
OUT pin. Because the output form is the NPN open emitter 
style, the load resistance must be connected externally. It is 
same for the case of the single tone output. The output ampili- 
tude of the high group is 1 ~ 2 dB bigger than that of the low 
group. The distortion of the dual tone is maximum 10%. 


MSM6224RS 





Vpp is a power supply pin. 
Vssg is a ground pin. 
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Note: 
Table 1 


Effective input ae 
aul R2 770 Hz -0.49 | banaue 
R3 852 Hz -0.54 
R4 941 Hz +0.74 
C1 1209 Hz +0.57 
(COLUMN) c2 ieee sida High group 
C3 1477 Hz -0.35 


C4 1633 Hz 1645.0 Hz +0.73 


Remarks 


+| > 

oO; 3 

ia | 

o 

de} ] s] jas] Xi sias| S 


Table 2 


Row input Column input 
No 
1 


Tone output* Note 


io) 


fp +fy Dual tone 


Single tone 


Me (Only column) 


—h 


1 
More than 2 
More than 2 
. No More than 2 
1 More than 2 
More than 2 _ More than 2 


“| © 
< 


Single tone 


Single tone ; : | 


* The tone output shown is in the case when the load resistance is connected between the TONE OUT 
pin and the Vgs. 


io) 


+ oO 


Oo 
< 


fi: Low group f}y: High group 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter Symbol | Condition Unit 


Supply voltage Vpp —Ta= 25°C 
Storage temperature Tstg 
Input voltage VI 
Output voltage VO 


Maximum current power 


=a ie] 
dissipation Ta= 70°C 


Operating Range 
Parameter Symbol Condition 
Supply voltage DD 


Operating temperature TOP 


al 
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-0.3~9.5 | V 


-~55 ~ +150 CG 
ia 


Vss-0.3~V pp+0.3 













Vss-0.3~V ppt+0.3. V 
mW 

2.5~ 8.5 V 

-30 ~ +70 Cc” 
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DC Characteristics (Ta = —30 ~ +85°C) 


Applicable 
pin 


Cc 
3 
=: 


Conditions 


Parameter 





Vpp=3.0V IQH=15mA 


“‘H"’ output voltage | V 
f° | OH FVpp=10V Ioy=50mA | 7.0 
“OFF” leak current | IofFF | Vpp=8.5V VoFr=0V 
Vpp=3.0V Voy=2.5V 0.17 
“H’’ output current DD OH 


é 
OH | Vpp=8.5V Vou=8.0V | 0.57 
lOL 


XMIT 


XMIT 


MUTE 


D 
< 
oy 
o 


Vpp=3.0V Vo_=0.5V 0.53 


“L’’ output voltage | 
Vpp=8.5V Vo_=0.5V 


“H"' input voltage Vin 0.7 Vp 





“L" input voltage VIL 


< N 
iF Oo 
O 
© 
Wed eal es = 
ols|<| 9G ® 
o|O | O e 
O 





“L" input current lit | Vpp=8.-5V V\|L=0V 0.0567 ” 

“H” input current WH | Vpp=8.5V Vj yH=8.5V _ 
“TONE OUT” 

output voltage Vout | Vop=3.0V RL=1KQ 235 437 TONE OUT 
(Single tone) (Row tone) 


con rc t 
4 
ee 
= 
m 


Difference of high/ a ee 
lovaicband level dB CR | Vpp=3.0 ~ 8.5V 1 
Distortion % DIS | Vpp=3.0 ~ 8.5V 


“H" input current lH | Vpp=8.5V V)=8.5V 


oe 


SINGLE 
TONE 
INHIBIT 


as 


= fe 





“L” input current Vpp=8.5V_ Vj=0V 0.0567 0.425 z 
“H’’ input voltage VIH 0.7 Vpp VDD ie 
reg gonsumetion| inps | No toad YDOS8SV 

Power consumption io 5 

(Operating) 






C1~C4, 


“L' output voltage | VoL | Vpp=3V Io_=0.2mA R1~R4 


TONE OUT Rise 


Time mS | TONE OUT 


tRise 


Vpp=3.0 ~ 8.5V 


- 
com Bay 


i¢p) 
NY 
jo) 
NO [ee] 
o |<i0 
So lo 
w, 
= = 
a] <] 345 l<]<[B] 5 | 
[=] 
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Sample Waveform of The Single Tone 


3 45 6 7 8 9 10 11 12 13 14 15 16 17118 19 20 21 22 23 24 25 26 27 28 29 30 31 32 





Tone Amplitude (mV rms) 


RL=1KQ 


ROW TONE 
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OKI semiconductor 
MSM6234RS 


DTMF TONE DIALER LSI 





GENERAL DESCRIPTION 


The MSM6234RS is a TONE dialer LSI which is fabricated by OKI’s low power consump- 
tion CMOS silicon gate technology. 


The MSM6234RS can generate 16 kinds of DTMF (Dual Tone Multi Frequency) signals 
each of which consists of 4 higher group frequency and 4 lower group frequency. 


FEATURES 

@ The standard 2 of 8 keyboard can be used. @ Either single tone or dual tone output. 

@ The low power consumption by use of @ 3.579545 MHz crystal oscillation. 
CMOS silicon gate technology. @® Interface with microcomputer. 


@ Supply voltage 2.5V~8.5 V. 


FUNCTIONAL BLOCK DIAGRAM 


3.579545 MHz 
Osc 


O 
O 


Voo 


S a 

5 J PROGRAMMABLE E 

pore eee pairs ae camel 
eae os LOGIC NETWORK 


see 160, 146, 132, 118 COUNTER 
R4O 
_ INHIBIT Pal 


Voo 
i Pe — LOGIC 
6 
ci Of A 
ao “78 KEYBOARD PROGRAMMABLE 8 STAGE 


LADDER 
ws) | LOGIC DIVIDER JOHNSON 
C3 O NETWORK 


ae (COLUMN) 92, 84, 76, 68- COUNTER 


(HIGH] 


c4 O 
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PIN CONFIGURATION 


16 Lead Plastic DIP 
(Top View) 


Vop 


TONE DISABLE 


TONE OUT 
SINGLE TONE INHIBIT 


C1 


RI 
C2 R2 
C3 R3 
vss R4 
Osct AKD 
OSCO C4 
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PIN DESCRIPTION 


Pin Name Pin No. Function 


OSC1, OSCO 7,8 The 3.579545 MHz crystal oscillator is connected to these pins. 
A feedback resistor and the condensers are incorporated. 


MSM6234RS 





Those are input pins of negative logic to be connected to the 
keyboard. The standard 2 of 8 keyboard can be used with 
MSM6234RS as illustrated below. 


Q1z | 
2 2 
gia 






R = 20KQ2 ~ 150KQ 


2 of 8 keyboard 





MSM6234RS 





R1~ R4 are the input pins of thr row side, while C1 ~ C4 are 
the input pins of the column side. All of those pins are provided 
with the pull up resistor of 40K ~ 100K ohms internally. 


The dual tone is output from the TONE OUT pin, by setting 
both of a row input and a column input to the ground voltage. 


The Table 1 (See Note) shows the relation between the nominal 
frequency and the tone output frequency, while the Table 2 
(See Note) shows the input condition of R1 ~ R4 pins and 
C1 ~ C4 pins. 

e Refer to the Note. 





AKD AKD pins drives the external bipolar transistor by its N-channel 
open drain output. This pin is open when the key input is off, 
while it becomes low when the key input is on. AKD is used 
for the mute of the transmitter/receiver. 


Key input 
OFF Lon | OFF 
| O AKD 
z Neat Stes eee 
Open Open 


MSM6234RS 
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Pin Name 


TONE DISABLE 


SYNGLE TONE INHIBIT 


TONE OUT 


Vpp. Vss 


1-B-84 


aH 


Function 


This is an input pin to control the output of the TONE OUT 
pin. When the input to this pin is high level, the TONE OUT 
pin normally operates. When the input to this pin is low level, 
however, the output from the TONE OUT pin is prohibited 
even if the key input is on. 


AKD is effective at that time. This pin is provided with the 
pull up resistance of 20K ~ 150K ohms internally. 


Key input 
OFF ON OFF 


TONE DISABLE “ye | vu 
pee somal oe 
Open Open 
TONE OUT "LY vy) a 


Vop 
20K ~ 150KQ 
TONE DISABLE 9 I> 
MSM6234RS 


When more than two columns are selected against only one row, 
or when more than 2 rows are selected against only one column, 
the single tone is output from the TONE OUT pin. This SINGLE 
TONE INHIBIT pin is a negative logic input pin to control 
the output of the TONE OUT pin in those cases. Refer to the 
Table 4. 


When the input to this pin is high level, both of the single tone 
and dual tone are output from the TONE OUT pin. When the 
input to this pin is low level, however, the single tone is prohib- 
ited to output from the TONE OUT pin and becomes DC level. 


This pin is provided with the pull up resistance of 20K ~ 150K 
ohms. | 











VpD 
20K ~ 150KQ Pull up resistor 





SINGLE TONE INHIBITO 


MSM6234RS 


The low group frequency and the high group frequency selected 
by the keyboard are synthesized and output from this TONE 
OUT pin. Because the output form is the NPN open emitter 
style, the load resistance must be connected externally. It is 
same for the case of the single tone output. The output ampili- 
tude of the high group is bigger than that of the low group by 
1~2dB. 


The distortion of the dual 
tone is maximum 10%. 


 MSM6234RS 





VDD is a power supply pin. 
Vss is a ground pin. 


¢ TELEPHONE: MSM6234 ¢ 


Note: 
Table 1 
Effective input Nominal Tone output Accurac Remarks 
frequency frequency y 
R1 697 Hz 699.1 Hz +0.30 % 
R2 770 Hz 766.2 Hz -0.49 % 
(ROW) wees Low group 
R3 852 Hz 847.4 Hz -0.54 % 
R4 941 Hz 948.0 Hz +0.74 % 
C1 1209 Hz 1215.9 Hz +0.57 % 
C2 1336 Hz 1331.7 Hz -0.32 % : 
(COLUMN) — High group 
C3 1477 Hz 1471.9 Hz -0.35 % 
C4 1633 Hz 1645.0 Hz 40.73 % 
Table 2 
Row input Column input Tone output* Note 
No 0 
1 fi +fy Dual tone 
Single tone 


“> 


= h (oe) 


(Only column) 


More than 2 0 
More than 2 Single tone 
No More than 2 0 
1 More than 2 Single tone 
More than 2 More than 2 0 i 
* The tone output shown is in the case when the load resistance is connected between the TONE OUT 


‘pin and the Vgs. 
fj: Low group fy: High group 


Sample interface circuit with microcomputer 


MSM4049 


Fee eee eee eh ene Po 
phe eee ee 

i peer te) We ee 

ple dace ect eta Se ee 

ph el se ee 

fe pec ee 

2 | 

ca 


OUT 


 —-| - 


tt250 mS AND 45 mS<tid<3S 


TONE 1 6 8 D 
tid 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Supply voltage VDD -0.3 ~ 9.5 V 
Storage temperature Tstg -55 ~ +150 “C 





Input voltage | GND-0.3~Vpp+0.3 
Output voltage | vo. t= GND-0.3~Vpp+0.3 
Pp 


<|< 


Operating Range 
Parameter | Symbol | Condition Limit Unit 


V 

VO 
Supply voltage 
Operating temperature 


DC Characteristics 


2.5~ 8.5 V 
-30 ~ +70 as & 









Apel 
Parameter Symbol Conditions J Unit | APPlicable 
| Min | Typ | Max pin 
“L" input current Vpp=8.5V_ Vi,_=0V 0.0567 0.425 i 
“TONE OUT" _ _ mV 
output current VouT |} Vpp=3.0V RL=tK2 235 437 | ims | TONE OUT 
Difference of high/ ae " 
cues |oven|voose~ew [+ [asf > [oe 
Distortion % DIS | Vpp=3.0 ~ 8.5V ff 10 | % | " 
| TONE 
“H" input current lH =| Vpp=8.5V VjH=8.5V MA | DISABLE 
SiT* 


= 
- 


“L” input current le «| Vpp=8.5V Vy=0V 0.056 0.425 
"H" input voltage | Vin | DD ” 
“L input voltage ea ese LSS 0-3 VDD : 


oO 
~N 
< 
ON 


0 
< 


3 | 3 


Power consumption Vpp=8.5V 
(Stand-by) No load Key-OFF 200 
Power consumption Vpp=8.5V 


Vpp=3V VoL_=0.5V 0.5 
2 


“L” output current | | 
| OL | Vpp=8.5V Vo _=0.5V 0 


rH) 
or;j— 
t | w& 


3 jE] 3 
a 
mA 


TONE OUT Rise mares 
Lie tRise | Vpp=3.0 ~ 8.5V 3.0 TONE OUT 


* SIT = SINGLE TONE INHIBIT 
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Sample Output Waveform of the Single Tone 









3.4 5 6 7 8 9 10 11 12 13 14 15 16 17}18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 


Tone Amplitude (mV rms) 


900 


800 


700 


600 


500 


400 RL=1K2 


ROW TONE 


300 





w 
eS 
o 
Oo 
~ 
ee) 
o 
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OKI semiconductor 


MSM6922 (,.-Law)/MSM6933 (A-Law) 


SINGLE CHIP CODEC WITH FILTER (COMBO) 


GENERAL DESCRIPTION 


MSM6932 and MSM6933 are CMOS devices containing a companding CODEC and PCM 
filters on a single chip. It converts voice signals to PCM signals (u-law or A-law) and vice 
versa. It contains analog pre-filter, transmit switched capacitor filter (SCF), receive SCF, 
analog post-filter and CODEC. 


The transmit section and the receive section are designed to operate in both synchronous 
and asychronous applications. 


Each section requires sampling clock (8 kHz) and data clock (from 64 kHz to 2048 kHz) 
respectively. 


FEATURES 


Pre-channel Single Chip CODEC with 
Filters. 
+5 V Power Supplies. 
Low Power Dissipation. 

65 mW operating (TYP) 

7 mW standby (TYP) 

Follows the u-companding Law. (MSM- 
6932) 
Follows the A-companding Law. (MSM- 
6933) 


BLOCK DIAGRAM 


SAMPLE 


A PRE {| 5th || 3rd 
INC LTER 
AUTO 
Voltage ZERO 
ref. 


LADDER SARIS TRANSMIT 
“Re CONTROLLER 


ts R” 
=i 
gl Gr 
LADDER 


h 
aie 


Synchronous or Asynchronous Opera- 

tion. 

Serial Data Rate of 64KBPS to 2048- 

KBPS. 

On-chip Full Auto-ZERO Circuit. 

On-chip Analog Pre-Filter and Post- 

Filter. 

Excellent Power Supply Rejection Ratio 
25 dB (from 300 Hz to 300 kHz) 

On-chip Precision Voltage reference. 


TRANSMIT 
O*sync 


CQ XcLock 
C) PCM OUT 


MODE TMC 
SELECT O 
C)ps* 


(_) PCM IN 
©) Rotock 


RECEIVE 
CONTROLLER 





RECEIVE ==+O Reyne 


*X only MSM6932 
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PIN CONFIGURATION 


| 


— > PCM OUT 


<— XcLock 
<—— Xsync 
<==/DG 
<—___ Bs* 
<—— Rsync 
<— RcLtock 
<—— PCM IN 


% only MSM6932 





ELECTRICAL CHARACTERISTICS 


| : \ Absolute Maximum Ratings 


Supply Voltage 
Operating Temperature . Top a & 


M-C-4 
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Recommended Operating Conditions 





= a ae 
Supply Voltage 
Clock Frequency | fe XCLOCK, RCLOCK p64 | 2048 kHz 
Sync Pulse Frequency fe | XCLOCK, RSYNC p= fe | = | kHz 
Clock Duty Ratio aoe XCLOCK, RCLOCK | = | so | - | % 
sstencane | | SA iets “Teicieis 

[aa [paceman |e [= T= fn 
XMIT. Sync Timing 

oe povooe-nawerenal fw | = [=m 
RCV. Sync Timing 
XMIT. Sync Pulse Width| tywx (Fig. 3) 1/fc p= | o17 | Ls 
RCV. Sync Pulse Width twR (Fig. 3) 1/fc p= | 17 | us 
vimoren [P| Pp 
Atemetiet [ex = | = Pe | 
aaa 1S ROE eM CE 
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DC Characteristics 






ti 

sali =e 
Vpp = +5.25 V 

Supply Current | !oD2 Vss = -5.25 V Le [ae a a 

Reference Current IREF Le LA 

Input High Voltage VIH Vpp = +5.25 V 2.0 V 
Vss = -5.25 V 

Input Low Voltage VIL VDD = 44.75 V V 
Vss = -4.75 V 

Input Leakage Current a0 a 2 aan 


SF 








Output Low Voltage VoL ae : ey. p= | oa V 
Output Leakage Current lIOH Bo = eee = _ PA 
So. 

Except for AIN . ie 4 PF 

Input Capacitance CIN 
an =| 
Analog Input Resistance | Rj fin < 3.4 kHz =| MQ 
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AC Characteristics 


Parameter 


XMIT FILTER 
Frequency Response 


RCV FILTER 
Frequency Response 


Total 
Frequency Response 


Signal to 
Distortion Ratio (*!) 


Symbol 


Loss S1 
Loss $2 
Loss S3 
Loss $4 
Loss S5 
Loss S6 
Loss S7 
Loss R1 
Loss R2 
Loss R3 
Loss R4 
Loss R5 
Loss R6 
Loss 1 


Loss 2 


Loss 3 
Loss 4 
Loss 5 
Loss 6 
SD1 


SD2 


SD3 






f 
(Hz) 


, 


300 


2010 
3000 
3400 


4600 
300 


2010 
3000 
3400 
4600 


=) 


0 


300 

810 
2010 
3000 
3400 
1020 
1020 
1020 
1020 
1020 


*1: The measurement is taken with P-message filter. 


Level 
(dBmo) 


3 


-30 


NO 
Oo 





NO 
co . 

@m 

= 

om 

x 

i) 

> 

7) 

D 

< 

= 

Cc 

19] 


29} 9° ° 2/0 
RO 7 NO NO NO | NO 


N | N 
oO}; oOo 


-0.2 


-0.2 
-0.2 
-0.2 


G1 ®] Ww 
Oo1a!l Oo 


—_ . . 
—> 


+ 
< 
xe) 


Max 


0.2 


Reference Value 


Reference Value 
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Unit 


dB 
dB 


dB 
dB 
dB 
dB 
dB 


dB 
dB 
dB 
dB 
dB 
dB 


dB 
dB 
dB 
dB 
dB 
dB 
dB 


dB 
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*%2 


*¥3 


Parameter 


Gain Tracking 


Idle Channel Noise *? 


Absolute Delay Time 


~Group Delay Time 


Frequency Response 


Single Frequency 
Leakage Level 


Cross Talk Attenuation 


Digital Output 
Delay Time 


Output Fall Time 


Absolute Gain *3 


Ii-C-8 


Symbol 


GT1 
GT2 
GT3 


GT4 
GT5 
NIDL 


tGp1 


'GD2 
tGD3 
tGp4 
tGD5 


N2 


O 


tsD 
tXD1 
txp2 
txD3 
tpof 


AVS 
AVR 












f 
(Hz) 


1020 
1020 
1020 


1 
y 
co 


1020 
1020 


2600 
2800 


00 
A 


128K _ 


: The measurement is taken with P-message filter. 
: OdB = 1.251 Vrms 


Level 
(dBmo) 


3 


-40 
-50 


Typ 


Unit 


Qo. 
58) 


Reference Gain Value 


ao}; Oo 
oO; © 


2.9 


~71 
0.52 


0.75 
0.25 
0.25 


300 
0 


ie) 
oO 


300 
30 


oO 


oO. 
us] 


dB 
dB 
dBmOP 
ms 
ms 
ms 
ms 
ms 
ms 
dBmO 
dBmO 


on 
ee) 


NS 
Ns 
Ns 
ns 


ns 


dB 


dB 
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PIN DESCRIPTION 


Pin Name 


Vss 


TMC 


AIN 


AG 


AOUT 
(NC) 


VREF 


VDD 


PCMiIN 


RCLOCcK 


Function 


Vss is a negative supply pin. The voltage supplied to this pin should be 
-5 V +5%. 


Test mode control] input pin. 

TMC is a control input for operating mode selection, such as normal operating 
mode and analog loop-back mode. 

The operating modes are listed in the following table. 


| TMe” | Mode ee 


VIH be 
(2.0 V ~ Vop) Operating 
VIL Analog 
(0~08V) Loop Back 
(Refer to Fig. 1) 


AIN is an analog signal input pin and is normally connected to the transmit 
filter input. The input analog signal is bandwidth-limited to 3.4 kHz and is 








Receive Signal Output 
Connected to 
RCVF;, Output 










Xmit Signal Input 










OV Disconnected 






_converted to the 8 bits PCM signal. 


The input analog signal must remain between + VpefF and - Vp_F for accurate 
conversion, 
In the analog loop-back mode, this pin is disconnected from any other circuits. 


Analog ground pin. | 
AG is connected to the analog system ground. . 


AOQUT is an analog signal output pin and is connected to the receive filter output. 
The output voltage range is +2.5 V. 


VREEF isan input of the external voltage reference. This pin is left in open or 
connected to AG to activate the internal voltage reference. 


Vpp is a Positive supply pin. The voltage supplied to this pin should be 
+ 5V +5%. 


PCM jn is an input pin of the PCM signal. This signal is serial data and is 
converted to the analog signal under control of Rgsync and Rc_ock. The 
input PCM data rates range from 64KBPS to 2048KBPS. 


RCLOCK is an input pin of the clock that provides the basic timing and control 


signals required for the input of the PCM signal. 
The frequency of this clock must be coincident with the input PCM data rate. 


H-C-9 
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Pin Name Function 





RSYNC is an input pin of the pulse signal that is synchronized with RcLocKk 
and is used for taking out the required signal from the input serial PCM data. 
This signal makes the whole operation in the receive section synchronized. 
When Rsync is connetected continuously low or continuously high, the 
receive section is powered down. 

The frequency of this signal is 8 kHz + 50 ppm. 


RSYNC 


| 


foe 
vo 


7 bits control input pin. 

In the normal mode and the analog loop back mode, a positive or negative 
transient of BS signs! provides a 7 bits decode operation with MSM6932. 
(Refer to Fig. 4) 


BS 


—_ 
NO 


DG Digital ground pin. 
DG is connected to the digital system ground. 

XSYNC is an input pin of the pulse signal that is synchronized with Xc_ocKk 
and makes the operation in the transmit section synchronized. 

The output signal from the PCMoyT Pin is naturally synchronized with this 
signal. When Xsywnc is connected continuously low or continuously high, the 
transmit section is powered down. The frequency of this signal is 

8 kHz + 50 ppm. 


XSYNC 


XCLOCK is an input pin of the clock that provides the basic timing and control 
signals required for the output of PCM signal. Clock rates of 64 kHz ~ 2048 kHz 
can be used for XCLOCK. 


= 
ol 


XCLOCK 


PCMouT is an output pin of the PCM signal. The result of conversion from 
analog to digital is output from this pin as 8 bits serial data. This data is shifted 
out under control of Xsync and XcLock. 

Because of an open-drain output, wired-OR connections are easily performed. 


PCMouUT 






AWN 


XMIT FIL. 


A 
OUT RCV FIL. 


Figure 1 


Note: A positive or negative transient of BS signal provides a 7 bits decode operation. 
(Refer to Fig. 4) 
This pin is not connected to internal circuits with MSM6933. 
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TEST CIRCUIT 


74LS04 





16 15 14 13 12 11 10 9 


p 
12345678 
HATA wA741 
: = I 6000 
Analog pe O.1pF 0.1uF eA : 
Input 6002 : =a 
1OUF 10uF 


| Tl 


—~5vV GND +5V 
(OV) 


Note 1: SYNC and CLOCK timing. 





SYNC 


ek. rer Lr eee. 


Note 2: Make the connection wire between No. 4 pin and No. 13 pin as short as possible. 
Note 3: Use a test socket with short leads. 


Analog 
Output 
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4 


——— 0.4V 
ani sie eee 


| tie 


tr bot 


Figure 2 Definitions of Rise Time and Fall Time — 


XSYNC j Transmitter 
Section 


PCM OUT 


Receiver 
Section 


K Bik B2 XBls B4 X Bs k Be } 87 X BS } 
‘os, | <-'DH | 


Figure 3 Basic Time Chart 
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€l-O-lll 


12345678 12345678 12345678 





PCMIN 


9 123456789 123456789 


eseulllfl------------ if) —-——-----—— —_— 


Allowable Range 


BS 


peceaes 8 Bits Decode 7 Bits Decode 8 Bits Decode 





Figure 4 Time Chart for 7 Bits Decode 


=I 
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OKI semiconauctor 
MSM6962/6982(,-Law) 
MSM6963/6983(A-Law) 


SINGLE CHIP CODEC WITH FILTER (COMBO) 





GENERAL DESCRIPTION 


MSM6962, MSM6982, MSM6963 and MSM6983 are CMOS devices containing a com- 
-panding CODEC and PCM filters on a single chip. It converts voice signals to PCM signals 
(u-law or A-law) and vice versa. It contains analog pre-filter, transmit switched capacitor 
filter (SCF), receive SCF, analog post-filter and CODEC. 


The transmit section and the receive section are designed to operate in both synchronous 
and asychronous applications. 


Each section requires sampling clock (8 kHz) and data clock (512 kHz, 1024 kHz, 
1536 kHz, 1544 kHz or 2048 kHz) respectively. 





FEATURES 


Per-channel Single Chip CODEC with 
Filters. 
+5 V Power Supplies 
Low Power Dissipatoin 
55 mW operating (TYP) 
4 mW standby (TYP) 


Follows the u-companding Law. (MSM- 


6962 and MSM6982) 


Follows the A-companding Law. (MSM- 


6963 and MSM6983) 


PACKAGE VARIETY 


‘Synchronous or Asynchronous Opera- 


tion. 

Serial Data Rate of 512KBPS, 1024- 

KBPS, 1536KBPS, 1544KBPS or 2048- 

KBPS. 

On-chip Full Auto-ZERO Circuit. 

On-chip Analog Pre-Filter- and Post- 

Filter. 

Excellent Power Supply Rejection Ratio 
30 dB (from 300 Hz to 300 kHz) 

On-chip Precision Voltage reference. 
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BLOCK DIAGRAM 





PIN CONFIGURATION 


MSM6982/83ES 


O OVO00O & 
OA 22222 ow 


XSYNC oe 24 23 22 21 20 . 
XCLOCK 
PCMOUT 
Vss 
TMC 
AIN 

AG 
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SAMPLE 


TRANSMIT 
CONTROLLER 


RECEIVE 
CONTROLLER 





MSM6962/63RS . I 





MSM6982/83JS 


QOO0000 ® 
AZ22Z22 m 





XSYNC 
XCLOCK 
PCMOUT 
Vss 
TMC 
AIN 

AG 


OOOOO F&F 
22222 D 


O 
<x 


*only MSM6962 and MSM6982 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter 
Supply Voltage 


Reference Voitage 
Analog Input Voltage 
Digital Input Voltage 
Operating Temperature 


Storage Temperature 


II-C-16 


Symbol 
VDD 
Vss 

VREF 
VAIN 
VDIN 


Top 


—| 
n 
ct 
© 


Rating 
-0.3 ~ +7 
+0.3 ~ -7 
0~VpD 
Vss -0.3 ~ Vpp + 0.3. 
-0.3~ Vpp + 0.3 
-10 ~ 80 
-55 ~ 150 


Unit 


pl ae Sa Ue 


° 
Oo; oO 


°o 
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Recommended Operating Conditions 


Supply Voltage 


S,) 
< 
H 
ey 
= 


re [we [om 


5,25 V 


” 


N 
o 


Analog Input Voltage VAIN 


| 
on 
N 
o1 

| 
- 
~ 
oO 










Input High Voitage VIH_ | XSYNC, XCLOCK, PCM IN, 


RSYNC, RCLOCK, TMC, BS 


V 
V 
V 
Input Low Voltage V 


512, 1024 
1536, 1544, 2048 





XCLOCK, RCLOCK 


XCLOCK, RSYNC 
XCLOCK, RC LOCK 


RSYNC, RCLOCK '(Fig. 2) 

RSYNC, RCLOCK '(Fig. 2) 
XINFT, Byne Pee Wisk) ws 
RCV. Sync Pulse Width twR 
PCM IN Set-up Time tps 
PCM IN Hold Time tpH 


Analog Output RAL 
Allowable Load 


Disitat Output, = | POL 
cl irre, 


Clock Frequency 





Sync Pulse Frequency 


Clock Duty Ratio 


Digital Input Rise Time 


Digital Input Fall Time 


XMIT. Sync Timing 


RCV. Sync Timing 


~ 


Allowable Load 


Operating Temperature ToP 
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DC Characteristics 























Vpp = +5.25 V 
Reference Current IREF | 5 | 100° MA 
SS ~~. 
| ss = -4. 
Input Leakage Current ta | ae = if a 
cwrmvanae [vou] igo EY Soc 
Output Leakage Current coe = may Lae LA 
SS ~~ 
Except for AIN p Bemimam sts p= | PF 
PF 
Analog Input Resistance Lae fin < 3.4 kHz P= fot MQ 
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AC Characteristics 


Parameter 


Transmit 
Frequency Response 


Receive 
Frequency Response 


Transmit 
Signai to Distortion 
Ratio (*!) 


Receive 
Signal to Distortion 
Ratio (*!} 


Symbol 


Loss T1 


Loss T2 
Loss T3 
Loss T4 
Loss T5 
Loss T6 
Loss T7 
Loss R1 
Loss R2 
Loss R3 
Loss R4 
Loss R5 
Loss R6 
SD T1 

SD T2 

SD T3 


SD T4 


SD T5 


SD R1 
SD R2 
SD R3 


ck 
Ol 
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f 
(Hz) 


300 
820 
2020 
3000 
3400 
3980 


300 
820 
2020 
3000 
3400 


3980 


1020 


1020 


*1: The measurement is taken with P-message filter. 


*2: |) MSM6962 
MSM6982 


MSM6963 
MSM6983 





Vpp = +5 V +5%, Veg = -5 V #5%, VR = OV 


Level 
(dBmO) 


-30 


ol © 


-30 


t 
i 
oO 


* 
v 


* 
v 


= oO 


%2 


* 
w 


— 


Max Unit 


+ 
< 
Ao) 


N = 

o =) 

N 
ale 


-0.1 ~0.03 0.2 


Reference Value 


b 


. 
od 


0.10 


1 


aS 


-0.02 


a 
oO . 





Reference Value 





Oo 
—ab 
© 


ie) 
o>) 
i 
Ww 


SNNICEAL 


ie) 
>) 


=i 


NO 
Oo) 


Go] W 
a] oo 
aes 
= | 


es) 
Oo 
OQ. 
Ww 


26 


ANE 
pers Dire ds 
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Parameter Symbol Typ Max | Unit 


: GT T2 -10 Reference Value 
Transmit 
Gain Tracking GTT3 1020 | 40 | 02 dB 





GT T4 0.25 
GT T5 


GT R1 : 0.02 

GT R2 -10 | Reference Value 
Receive 
Gain Tracking GT RS 1020 | 40 ; 

GT R4 -50 -0.16 

GT R5 -55 -0.13 


oO 
NO 


on 

ro) 
b 616 
No B | Nh} 





i \ OQ 
~ ~J : 


ot ot ob 
QAO-1O 
0/0 |o 
4/a4]-A 
wo NO = 


late Channet_ | Transmit | NipeT | |_| Es 

Noise *3 dBmOp 

Analog Input Level | VIN 1020 1,182 | 1,252 | 1,326 | Vrms 

Analog Output Level | VouT 1020 1,182 | 1,252 | 1,326 | Vrms 
. 


N 


0.2 0.75 


Absolute Delay Time ftp | 


0.35 







Transmit ado OB 
oreup Belay ime tGp T4 1800 Reference Value | 
qn 75 | 2600 0.08 | 0.125 
= [ee [ore 
= [ne [oss | 
= [eas [ous 
ms 





Reference Value 


0.07 | 0.125 


~—[oeoat | 500, 
‘gor? | 600 

Receive tap Rs | 1000 

Group Delay Time tGp R4 1800 
tGp R5 2600 


tGp R6 2800 


: The measurement is taken with P-message filter. 


0.75 


*3 
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Condition 


Parameter Symbol 


Crosstalk 


Discrimination Against 
Out-of-Band Input Signals 


Spurious Out-of-band sO 
Signals at the Output 


Intermodulation IMD 1 fb=320 


Spurious In-band Signals 





Sl 
Single Frequency Noise Ns 


Transmit PPSR T 
Vpp PSRR 
Receive PPSR R QO ~ 200 
mVp-p 





Transmit NpsR T | 300K 
Vss PSRR 
Receive NPSR R 


tsp 







Digital Output 


Delay Time R pull = 1kQ 


Cy. = 100 pF 










tXDs 


Digital Output Fall Time 
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’ PIN DESCRIPTION 


Function 


Pin Name 


m 
” 
= 
~” 





Vss is a negative supply pin. The voltage supplied to this pin should be 
Vss 5 V +5%. 
Test mode contro! input pin. 
TMC is a control input for operating mode selection, such as normal 
TMC 2 
operating mode and analog loop-back mode. 
The operating modes are listed in the following table. 
“AOUT” 
Vv Receive signal output 
(2.0V a ) Operating Connected to to Xmit signal input 
DD RCVFLI output 
Analog 
Loop back Disconnected 
(Refer to Fig. 1) 
AIN is a analog signal input pin and is normally connected to the transmit 
filter input. The input analog signal is bandwidth-limited to 3.4 kHz and 
~ | is converted to the 8 bits PCM signal. | 
AIN 3 3 The input analog signal must remain between + VREF and ~ VREF for 
accurate conversion. 
In the analog loop-back mode, this pin is disconnected from any other 
circuits. 
Analog ground pin. 
AG AG is connected to the analog system ground. 
A Agu T isa analog signal output pin and is connected to the receive filter 
OUT output. | 
The output voltage range is +2.5 V. 
y, | 7 13 VREF is an input pin of the external voltage reference. This pin is left in 
REF open or connected to AG to activate the internal voltage reference. 
Vpp 14,15 Vpp is a positive supply pin. The voltage supplied to this pin should be +5 
+5%, 
PCM jn is an input pin of the PCM signal. This signal is serial data and is 
PCM 16 converted to the analog signal under control of Rgync and Rcitock. The 
IN input PCM data rates are 512KBPS, 1024K BPS, 1536K BPS, 1544KBPS or 
2048KBPS. 


ll-C-22 


Pin Name 


RCLOCK 


RSYNC 


BS 


DG 


XSYNC 


XCLOCK 


PCMouT 


RS | ES,JS 


— 
~“ 


NO 
~ 


NO 


15 


NO 
00 


= = 
ie) N) 
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Function 


RCLOCK is an input pin of the clock that provides the basic timing and 
control signals required for the input of the PCM signal. 
The frequency of this clock must be coincident with the input PCM data rate. 


and is used for taking out the required signal from the input serial PCM data. 
This signal makes the whole operation in the receive section synchronized. 
When Rsywnc is connected continuously low or continuously high, the 
receive section is powered down. 

The frequency of this signal is 8 kHz +50 ppm. 


7 bits contro! input pin. 

In the normal mode and the analog loop back mode, a positive or negative 
transient of BS signal provides a 7 bits decode operation with MSM6962 and 
MSM6982. (Refer to Fig. 4) 


Digital ground pin. 
DG is connected to the digital system ground. 


XSYNC is an input pin of the pulse signal that is synchronized with Xc, ocK 
and makes the whole operation in the transmit section synchronized. 

The output signal from the PCMgyT Pin is naturally synchronized with this 
signal. When Xsywnc is connected continuously low or continuously high, 
the transmit section is powered down. The frequency of this signal is 

8 kHz +50 ppm. 


XCLOCK is an input pin of the clock that provides the basic timing and 
contro! signals required for the output of PCM signal. Clock rates of 
512KBPS, 1024K BPS, 1536K BPS, 1544KBPS or 2048KBPS can be used for 


XCLOCK. 
PCMouT is an output pin of the PCM signal. The result of conversion from 
analog to digital is output from this pin as 8 bits serial data. This data is 


shifted out under control of Xsyjc and Xc_Lock. 
Because of an open-drain output, wired-OR connections are easily performed. 


XMIT FIL. 


RCV FIL. 


Figure 1 
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RsYNC is an input pin of the pulse signal that is synchronized with RcLocKk 
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SIGNAL TO DISTORTION RATIO 


INPUT LEVEL (dBmo) 


INPUT LEVEL (dBmo) 
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TEST CIRCUIT FOR MSM6962 AND MSM6963 





CLOCK ° 
Analog 
Analog 
Input Output 
—5V GND +5V 
(OV) 
Note 1: SYNC and CLOCK timing. I 





Note 2: Make the connection wire between AG and DG as short as possible. 
Note 3: Use a test socket with short leads. 
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on DAV 


\ 0.4V 


1.4V 


| i 
DOF 


Figure 2 Definitions of Rise Time and Fall Time 


XCLOCK — 


XSYNC | | twx | | Transmitter 


Section 


| | | 
Pom our TV x 1 a Ya Yas YX Yor Ya 
top} xDe : 7a 
ReLock 9% 


Rsync | ct Receiver 
| Section 


PCM IN oe Tome eae Vay 
X Bi fee fais} B4 f Bs j 86 X 87 X 68 | 
| <> | «DH | 


tos 


Figure 3 Basic Time Chart 
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Kasai 


apoovag Siig { JO} WeYD su] py sanbiy 


eposed sig 8 epooseq sg Z | apooaq sq g pases 






ebuey sjqeMmoj|y 


|-- - -- - - - - --l}-- - -------- liq 


68Z9SPEcl 68Z9SPEC1 O829SrEC1 


NIWOd 


BL9SPECL BL9SPECI 819SPEC1 


ONASHY 
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OK I semiconductor 


MSM6996H/6996V/6998(A-Law) 
MSM6997H/6997V/6999 (.-Law) 


SINGLE CHIP CODEC WITH FILTER (COMBO) | 





GENERAL DESCRIPTION 


MSM6996, MSM6997, MSM6998, MSM6999 are CMOS devices containing a companding 


CODEC and PCM filters on a single chip. It converts voice signals to PCM signals (u-law or 
A-law) and vice versa. It contains analog pre-filter, transmit switched capacitor filter (SCF), 
receive SCF, analog post-filter and CODEC. 


and asynchronous applications. 


The transmit section and the receive section are designed to operate in both synchronous 


Each section requires sampling clock (8 kHz) and data clock (64 ~ 2048 kHz) respec- 


tively. 

FEATURES 

@® Per-channel Single Chip CODEC with 
Filters. 

@ +5 V Power Supplies. 

@ Low Power Dissipation. 

70 mW operating (TYP) 
5 mW standby (TYP) 

@ Follows the A-companding Law (MSM- 
6996, MSM6998) 

@® Follows the u-companding Law (MSM- 
6997, MSM6999) 

@ Synchronous or Asynchronous Opera- 
tion. : 

@ 600 {2 drive (MSM6996, MSM6997) 

@ 600 92 push-pull drive (MSM6998, MSM- 


6999) 
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Serial Data Rate Range: 64K BPS ~ 

2048 K BPS. 

On-chip Full Auto-ZERO Circuits and 

PLLs. | 

On-chip Analog Pre-Filter and Post- 

Filter. 

Excellent Power Supply Rejection Ratio 
30 dB (from 300 Hz to 300 kHz) 

On-chip Precision Voltage reference. 

Transmit level adjust. 

Standard 16 pin Package (ceramic or 

plastic) 
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BLOCK DIAGRAM (MSM6996H/MSM6996V/MSM6997H/MSM6997V) 


SAMPLE 
AIN + COMP 
PRE 5th 3rd TRANSMIT 
GS X rT | 


AUTO 

oa san TRANSMIT 

| HWVOLTAGE , C SAR ee CQ XCLOCK 
! ee C1 LADDER i -—SICONTROLLER 4 PcMOUT 
T. PWD 

R. PWD 
r. 


VopO— 
Vss O— 
AG O— 
DG O— 


*2 eee «———C PDN/BS* 4 
TMC Cc RECEIVE OC PCMIN 
LADDER|~——J CONTROLLER O RCLOCK 


——. 
5th RECEIVE 
<a O RSYNC 


PLL 


*1 BS: Only MSM6997 
*2 Only MSM6996V 
MSM6997V 





~ BLOCK DIAGRAM (MSM6998/MSM6999) 


eater 
AIN + PRE 5th 3rd COMP TRANSMIT 
AIN 
GS x | 

AUTO 

O 

VpDO— main ae TRANSMIT CO) XCLOCK 
Vss O— VOLTAGE C Ko [—>ICONTROLLER 
AGO— REF LADDER O PCM OUT 
pbGO— T. PWD 


R. PWD 
C) PDN/BS* 


AOUT-O <a Ce pat CEE TN 
RR R LADDER CONTROLLER CQ RCLOCK 


a =) 
AOUT+©O a << RECEIVE C) RSYNC 


PLL 


*BS: Only MSM6999 
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PIN CONFIGURATION 


MSM6996H/MSM6996V MSM6998 
MSM6997H/MSM6997V : MSM6999 


. Only MSM6996V/MSM6997V 
BS: Only MSM6997/MSM6999 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter 


Supply Voltage 


Analog Input Voltage 
Digital Input Voltage 
Operating Temperature 


Storage Temperature 


Symbol 


VpbD 
Vss 
VAIN 


VDIN | 
Top 


stg 


: 


Rating 
-0.3~+7 
+0.3~-7 

Vgs - 0.3 ~ Vpp + 0.3 
-0.3~Vpp + 0.3 
-10 ~+80 
-~ 55 ~ 150 


Unit 


cle<lele 


° 
O1}o 
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Recommended Operating Conditions 




















ree [evn] conan [win | We | wm | Um 
Feo fam 6 ew 
Supply Voltage 
Input High Voltage XSYNC, XCLOCK, PCM IN, Sat a VppD Vo 
por RCLOCK, TMC, 
et ow Vata To | - | es |v 
Clock Frequency Le XCLOCK, RCLOCK [dees see 2048 kHz 
Sync Pulse Frequency Se XSYNC, RSYNC Len de ee inset kHz 
Clock Duty Ratio XCLOCK, RCLOCK | 60 | % 
seis XSYNC, XCLOCK, POM IN : 
— [on mayne xetoceeemn | - | - | so | 
ccatichyet wl st 
XMIT. Sync Timing 
KSYNC>xCLOCK (Fig.3) | 150 | — | — | mm 
Cine [noxoee=nevnciee.si [so [=| 
RCV. Sync Timing 
we | RSVNC-=RCLOCK (Fw.3) | 100 | — | — | ms 
XMIT. Sync Pulse Width 1/fc be th age | Ls 
PCV. Sync Pulse Width (Fig. 3) 1/fe Pee. age Ms 
PCM IN Setup Time Fig.) Peer 
ronnvostiw [ew | ear we | = P= | 
wagon Ra] = Sid of - | - | 
sae a IEA EN HEN TD 
Digital Output i aoe oo 
sata - | = | - | 100 | oF 
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DC Characteristics 
Parameter 


Supply Current 
(Operating) 


Supply Current 
(Stand-by ) 


Input High Voltage 


Input Low Voltage 


Input Leakage Current 


Output Low Voltage 


Output Leakage Current 


Input Capacitance 


Analog Input Resistance 
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Vpp = +5.25 V 


Isso 


2 ry 
= D 


VIL 


VO 


- 


lOH 


CIN 


RIN 


Vsg = -5.25 V 








V pp = +5.25V 
Vss = -5.25 V 


Vpp = +4.75 V 
Vss = -4.75 V 


Vi, =5V 
Vj; =O0V 


Vpp =t4.75 V 
Vss = -4.75 V 


VppD = +4525 V 
Vss = -5.25 V 


Except for AIN 
AIN 


Vpp = +5.25 V 
Vss = -5.25 V 





2.0 


oO |O!n 
BR | oO}To 


= =| 
et) 


= 


yp 


© 
OO 


<= 
a 


—_ ok 
7 —_, —_ 


xX 


ie) 


1.5 





Unit 
mA 
mA 
mA 


mA 


LA 


LA 


LA 


pF 
pF 


M82 
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AC Characteristics 


f 
(Hz) 


Parameter Symbol 





Loss T, 


Loss T, 300 


Loss T, 820 


Transmit 


Frequency Response 2020 


Loss T, 
Loss T, 3000 


LossT, | 3400 


Loss T, 3980 
Loss R, 300 


Loss R, 820 


LossR, | 2020 


Receive 


Frequency Response 


Loss R, 3000 


Loss R, 3400 
Loss R, 3980 
SDT, 


SDT, 


Transmit Signal to 


Distortion Ratio (*') 1020 


SDT, 
SDT, 


SD T, 


SDR, 


Receive Signal to 


Distortion Ratio (*!) 1020 


SDR, 


*l: The measurement is taken with P-message filter. 
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ele 


Level 
(dBmO) 


-30 


IN 
s) 


IS 
a 


~30 


iS 
ro) 


ae 
ol 


ea Typ Unit 
£ Ages 
pot | = | 02 | 
p-o1 | = | 02 | as 
A) ae 
Le Se oe 
ee 
or | — [or 
ax[ - [oa 

dB 
Ent eee) 
oe ee 
ee ees 
rate te 
Pe [| 
Pe[-[-]« 
cae ee 
ees 
Pe] -]-4 
rae [= 
Pe [=| — | « 
ene ee 
ses 
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Parameter Symbol f 
(Hz) 
GTT, 
GT T, 
Transmit 


GTT, | 1020 


Gain Tracking - 
GTT, 


GTT, 
GTR, 


GTR, 


Receive 


Gain Tracking GTR, 


1020 
GTR, 


GTR, 


Idle Channel 


Nipt T 


. %2 
Analog Input Level *° VIN 1020 


Analog Output Level *° 1020 


VOUT 


fad 
7) 


Absolute Delay Time 
tGDT, 500 
tGDT, 


Transmit tGD qT; 


Group Delay Time 


tGDT, | 1800 


tGDT, | 2600 
tGDT, | 2800 
tGDR, 
tGD R, 


Receive tGD Rs 


Group Delay Time 


tGDR, | 1800 


tGDR, | 2600 


2800 


tGD R, 


Level 
(dBmO) 





~40 


-40 


di 
o 


*2: The measurement is taken with P-message filter. 


*3 : | MSM6996 
MSM6998 


MSM6997 
MSM6999 





Typ Max Unit 


No 


a 


0 


Reference Value 


0.2 dB 


0.2 


NO NO 


Reference Value 


dB 


A 
N 


! 
“J 
Ol 


dBmOp 


i 
~ 
ol 


Vrms 


1,231 
1,227 


Vrms 


i=! 


0.75 
0.35 


spe le papal): | 8] 
fe fede Pate] Le 


2 


5) 5) 8/38 ae 


0.125 
Reference Value 

0.125 
0.75 
0.75 
0.35 


0.125 


Reference Value 


5 


0.125 
0.75 
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Condition 


f | Level 
(Hz) | (dBmO) 


1020 


Parameter Symbol yp Max 


Es 


TtoR Ca T 


Crosstalk 


RtoT CRR 1020 


Discrimination Against 4.6K ~ 


Out-of-band Input Signals 


~ 

NO 

A 
1 
NO) 
; a 
O 

I 
00 






Spurious Out-of-band 300 ~ -30 © 
Signals at the Output 3400 
Intermodulation (MOY yess. 4 Be 3 
Spurious In-band Signals 
psa = [ef 
Vpp PSRR 
ree} o~ | am | |- |» | —— 
a ee a ee ee 
Vss PSRR 
NPR Ce oe 
| so | — | 20 | 
Digital Output Delay Time txD, 50 | — | 200 
we 
t 200 
ee Cy = 100 pF 
Digital Output Fall Time sce 100 
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Unit 


dBmO 


Q. 
w 


dBmO 


a. 
w 


dBmO > 


dBmO 


ok 
is) 


QO. 
is) 


ns 


ns 


PIN DESCRIPTION 


Pin Name 


AIN + 


AIN - 


GSX 


AG 


AOUT 


TMC- 


MSM6996V 
MSM6997 | 


only 


AOUT- 


MSM6999 


[ismen99 


only 


NC 


MSM6997H 


[mswes97 1) 


only 


VDD 


PCMIN 
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Function 


These three pins are used for the transmit level adjustment. AIN+ is a 
Non-inverting Analog Input pin which is connected to the non-inverting 
input of a transmit amplifier. 

AIN- is a Inverting Analog Input pin which is connected to the inverting 
input of the transmit amplifier. 

GSX isa Tramsmit Amplifier Output Pin. 


AG is a analog ground pin. 
AG is connected to the analog system ground. 


AOUT is the analog signal output pin and is connected to the receive filter 
output. The output voltage range is +2.5 V. This output can drive the 
impedance of 600 2. 


Test mode control input pin. 

This is a control input pin for operating mode selection, such as normal — 
operating mode and analog loop-back mode. 

The operating modes are as follows. 


Receive Signal 
VIH O 
perating 
(2.0 V ~ Vpp) 


Output 
VIL Analog 


Connected to 
RCVeF;, Output 
Loop Back 
(0~O8V) | (Refer to Fig. 1) 



















Xmit Signal Input 


Disconnected 





This is the inverting analog output pin. This output can drive the 
impedance of 600 2. 


As for MSM6996H and MSM6997H, this pin should be left open. 


VDD is the positive power supply pin. The voltage supplied to this pin 
should be +5 V +5%. 


PCM signal input pin. This signal is serial data and is converted to the 


analog signal under control of RSYNC and RCLOCk. The input PCM data 
rate range is from 64K BPS to 2048KBPS. 


H-C-37 


= 


COMBO CODEC: MSM6996H/96V/98 6997H/97V/99 ¢ 


Pin Name 


RCLOCK 


XCLOCK 


RSYNC 


XSYNC 


DG 


PDN/BS 


PCMOUT 


VSS 
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od 
ao) 


—, 
= 


= 
& 


= = 
ie) NO 





Function 


Receive Clock Input pin. The clock that provides the basic timing and 
contro! signals required for the input of the PCM signal is input to this pin. 
The frequency of this clock must be coincident with the input PCM 

data rate. 


Transmit Clock Input pin. The clock that provides the basic timing and 
control required for the output of the PCM signal is input to this pin. 
The clock frequencies are from 64 kHz to 2048 kHz. 


Receive Synchronous Signal Input pin. The pulse signal that is 
synchronized with RCLOCK and is used for taking out the required signal 
from the input serial PCM data is input to this pin. The signal makes the 
whole operation in the receive section synchronized. When RSYNC is 
connected continuously low or continuously high, the receive section is 
powered down. | 

The frequency of this signal is 8 kHz +50 ppm. 


Transmit Synchronous Signal Input pin. The pulse signal that is. 
synchronized with XCLOCK and makes the whole operation in the 
transmit section synchronized, is input to this pin. 

The output signal from the PCMOUT pin is naturally synchronized with 
this signal. When XSYNC is connected continuously low or continuously 
high, the transmit section is powered down. The frequency of this signal 
is 8 kHz +50 ppm. 


Digital Ground level pin. 
DG is connected to the digital system ground. 


Power Down Signal Input pin. 

This is an input of the power-down control signal. When this input is held 
at low level more than 1 ms, the chip is put into the power-down mode. 
For the u-law devices (MSM6997 and MSM6999), this pin also provides 
the half-bit decoder shift for the 7 bit decode operation according to 
alternating the state of the pin. Refer to Fig. 4. | 


PCM Signal Output pin. Open-drain output of the PCM signal is output 
from this pin. The result of conversion from analog to digital is output 

from this pin as 8 bit serial data is shifted out under control of XSYNC 
and XCLOCK. 


VIN = +Full Scale 


ENCODING FORMAT 


B2|B3) B4/B5| B6/B7|/B8 


1 1 


(0/1 /0]1/0/1/0| 
1 }ol1{ol1}oj1 
1 {o}1[ol1jo}1 
0 11}0]1/0}1}0 


VIN = -0 


VIN = -Full Scale 





BI 
1 
VIN S40, =| 01 
0 | 
0 | 


This is the negative power supply pin. The voltage supplied to this pin 


~ should be -5 V +5%. 
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XMIT FIL. 


RCV FIL. 


Figure 1 
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TEST CIRCUIT 





PDN O 
Control 
NORMAL: 1 








1615 1413 12 1110 9 





2345678 


bad te 1 =e 
) 6002 
ea 6002 O 
nalog 
O) OO 


0.1uF 0.1uF 
() ; 


1 


O O 
-5V OV +5V 


for MSM6996, MSM6997 


CLOCK O 
SYNC O 


PDN O 
Control 
NORMAL: 1 





O.1yF O.1uF 


O O O 
-5V OV +5V 


for MSM6998, MSM6999 





Note 1: Make the connection wire between No. 4 pin and No. 13 pin as short 
as possible. 


Note 2: Use a test socket with shor leads. 


Il-C-40 


¢ COMBO CODEC: MSM6996H/96V/98 6997H/97V/99 ¢ 


Figure 2 Definitions of Rise Time and Fall Time 








XCLOCK - 

XSYNC Transmitter 
Section 

PCM OUT 


Receiver 
Section 


es Yi (e2\eis\ e4 \ es \ ee \ 87 \ 8a | 
. S 


tDH-» | tb 


Figure 3 Basic Time Chart 
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Signal to Distortion Ratio 


50 


S/D 
(dB) 


[With P-message filter ] 


40 


30 











INPUT LEVEL (dBmo) 


Gain Tracking Characteristics iT 





INPUT LEVEL (dBmo) 
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OKI semiconductor 


MSM6814 (u-Law) 
MSM6815 (A-Law) 





SINGLE CHIP COMBO CODEC WITH TIME SLOT ASSIGNMENT 


GENERAL DESCRIPTION 


The MSM6814 and MSM6815 are single chip COMBO CODEC with time slot assignment (TACO- 
DEC) which are fabricated by OKI’s low power consumption CMOS silicon gate technology. 


The MSM6814 and MSM6815 can control the time slot of the PCM data externally. It consists of 


analog pre-filters, A/D converter, D/A converter, transmit time slot assignment circuit and receive time 
slot assignment circuit. 


FEATURES 


Independant transmit and receive time slot 
assignment 

32 time slot per frame maximum 

Clock rate selectable (512 KHz, 1024 KHz, 
1536 KHz, 1544 KHz, 2048 KHz) 

Time slot control by serial interface 

Follows the u.-companding Law (MSM681 4) 
Follows the A-companding Law (MSM6815) 


BLOCK DIAGRAM 


a 


zero 


Voitage 
Ref. 


TMC O- ———— 
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Pre. A/D 


On-chip voltage reference 
On-chip full auto zero circuit 
+5 V power supplies 
Low power dissipation 

60 mW operating (TYP) 

5 mW standby (TYP) 
22 pin plastic DIP package 


© TSX 
Transmit O DX. 
TSAC O XSYNC 


O BCLK 


O DCLK 
O DC 
OCS 


O DR 
© RSYNC 








PIN CONFIGURATION 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 























Parameter | Symbol | Condition Ratings Unit 
| YVbpb 

Supply voltage 

Ta = 25°C V 
Analog input y 
voltage IA Vss — 0.3 ~ Vpp + 0.3 
Digital input | ; | | 
voltage ID -0.3 ~Vpp + 0.3 
Operating 

°C 

Storage Zs 


Recommended Operating Conditions 








< 
Se) 
Al 





5.25 
Supply voitage V 
Vss —4.75 
Analog input _ 
voltage VAIN pe 5 Vp_p 
High input XSYNC, RSYNC, BCLK, 
voltage | VIH | Dr, DCLK,DC, CS, TMC ae VDD V 


Low input y XSYNC, RSYNG, BCLK, y 
voltage ) WIL Dr, DCLK, DC, CS, TMC 
KHz 


Clock frequency fc 


Synclonizing 







signal frequency| 'S KHz 
Clock duty cycle Di % 
i ateneies XSYNC, RSYNC, BCLK, 
ee tr Dp, DCLK, DC, CS 50 es 
(Refer to Figure 1) 
ton Me XSYNC, RSYNC, BCLK, 
aimee tf Dr, DCLK, DC, CS ns 
(Refer to Figure 1) 


ne _ 
signal oe 
timing Tsp | SYNC toBCLK 50 
| | (Refer to Figure 2) 


BCLK to SYNC 0 | 
Synclonize (Refer to Figure 2) 
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Recommended Operating Conditions (Cont.) 


Synclonize T XSYNC, RSYNC 400 
signal width WS (Refer to Figure 2) 
DR set-up time Tors (Refer to Figure 4) 100 
Dr hold time TpDRH (Refer to Figure 4) 100 
DCLK (Refer to Figure 5) | 244 
Data clock width 
TWCL DCLK (Refer to Figure 5) 244 


Tost DCLK toCS 50 
(Refer to Figure 5) 


Typ Max Unit 








CS to DCLK 
(Refer to Figure 5) 


CS signal timing 
Tcs3 (Refer to Figure 5) 50 | 
Tcs4 (Refer to Figure 5) 50 


DC set-uptime | Tpcs (Refer to Figure 5) 100 


Tcs2 










DC hold time TDCH 


(Refer to Figure 5) 


= 
= 
2) 
= 





TIMING CHART 





Figure 1 Definition of Rise Time and Fall Time 


Tgs Tsp 


Figure 2 Synclonizing Signal Time Chart 
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BCLK 
XSYNC 
Dx 
| TSX 
TTS1 rie 
Figure 3 Transmit Signal Basic Time Chart (Time Slot 1 is selected) 
BCLK — : 1\ /2 3\ /4\ [5\ |[e 7\ /8' 1 2 
RSYNC 


DR Invalid aoe aia {uso¥ 
race: 


TDRS TDRH 


Figure 4 Receive Signal Basic Time Chart (Time Slot 1 is selected) 
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= 
at! 
QO 
an) 


f 


CS4 


Tos3 T 


| 
O 


MOH 


NN 


Oo 


M5 


Os 


NW 


(a) When DCLK is continued 


Z| 


Invalid data 


WW 


(b) DCLK is Burst CLOCK and , CS is Fixed at “L” 


Figure 5 Time Slot Data Timing 


li-C-49 


¢ COMBO CODEC-MSM6814/15 @—#—_———_L"- 


Both of above operations are controlled by XSYNC signal 


*4 


XSYNC 1 1 N 
12345678 12345678 7 
. DCLK { 
: 
[TF | [OY | 
DC | 
Timeslotresetdata | | Time slot data | 
CS “Q” | 


a  ————eT—eeeeeeeee=EE 


\ | 
Dx Open | Output to the specified | 


Output tothe prior time slot _ time slo 


GND fevel 
cai WV) Oe "1 


Note*1: Maximum number for Nis 5. 


Figure 6 


When the time slot is fixed, data on Dx is output on the 1st time slot 4 frames’ after the internal 
power-on reset has been reset. Time required for power on reset is max 1 ms. 


Internal 4 | 
Power-on] : : 


reset 
DCLK “1” 
Cs “QO” 
Dx | Output to the 1st timeslot 
max 1ms 
Power on 


Figure 7 
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DC Characteristics 





+ 


aaa ah 
w}o 
w 

3 

> 


yp Max Unit 






iss2 1.5 mA 


3 
> 


Supply current = mA 
(Operating) p= | 
| Vpp = +5.25 V 
Vss =—5.25V 
Supply current pS - | 
(Stand-by) ee 








Input high Vop = +5.25 V 
Input low Vpp = +4.75 V 
Input leakage NH Vop = +5.25V pA 
current ML _ Vss =—5.25V as 
Output low Vpop = +4.75 V 
Output leakage 5V 
Input 
TRANSMIT Analog interface 
Parameter Symbol Typ Max Unit 


Input resistance RINx AIN+, AIN— 1 


Load resistance RLGx 10 


Output level VOGXx GSX, RL=10KQ —2.5 


KO 
100 PF 


N 
or 

= 
< 5 








Offset voltage Vosax —20 20 mV 
RECEIVE Analog Interface 
Input resistance -_ | = | Mo 
Load resistance | Rave fase 
AOUT+, AOUT— 2. / - | 2 
CLVF 100 PF 
Load capacitance | 100 
Vove | VFRO,RL=10K9 05 V 
a Ce pees: |. ave: 
AOUT+, AOUT-, _ 
: VOSVF VFRO —150 15 mV 
Offset voltage = | =150__ 


iN) 
ala 
3 
< 


AOUT+, AOUT-, o 
VosaoO | pwi=oV | 20 
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A.C. Characteristics 
Vpp = +5 V +5%, Vss = -5 V +5% 










Typ _ Max Unit 
Parameter f orn | 
(Hz) (dBmO) 
820 Reference Value 
Transmit 


frequency response |Loss T4 | 2020 0 


NO 
Qa. 
168) 


Loss T5 | 3000 
Loss T6 | 3400 


0.1 0.10 


0.45 


0.2 


ele 
° 


-iceiec Y 
ololo 
n1|n 1M 3 
olan !|o o 
4/4Hia o 
wo}rm]— 

—__, 

rep) 


Loss T7 | 3980 14 
300 —0O.1 —0.02 0.2 
820 Reference Value 


Loss R3 | 2020 —0O.1 


Receive 


frequency response |Loss R4]} 3000 —0O.1 0.10 


Loss R5 
Loss R6 


3400 
3980 


0.65 
14 16 


-— | 
O19 
na |” 
oO | 
OD] D 
no | — 


Oo ;9 
NM | th 
Q. 
e8 


| 


SD R5 —45 » 26 


SD T1 36 43 | - | 
Transmit 
signaltodistortion |SDT3 | 1020 30 ) 36 | 40 | - | aB 
Ratio (*1) 7 

on] f=]: Eel 

SD R2 36 41 
ee SDR2 a ee ee ee 
signal todisortion |SDR3 | 1020 | 36 | 41 | - | @B 
ratio (*1) 


*1: The measurement is taken with P-message filter. 


“n° 


MSM6814 
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Parameter Symbol Laval 
(Hz) (dBmO) 

GT T1 
GT T2 

Transmit 

gain tracking GT T3 1020 
GT T4 
GT T5 

Receive 

gain tracking GT R3 1020 —40 
GT R4 —50 
GT R5 —55 

channel 

noise *3 Receive 

Analog input level VIN 1020 

Analog output level Vout 1020 


Absolute delay time tD 

tGDT1 
tGD T2 
tGDT3 


500 


Transmit 1000 


Group delay time tGD T4 1800 
tGDT5 | 2600 
tGDT6 | 2800 


500 


tGD R1 
tGD R2 
tGD R3 
tGD R4 
tGD R5 
tGD R6 


Receive 
Group delay time 





*3: The measurement is taken with P-message filter. 


“4° | MSM6814 
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Min Typ Max Unit 
Reference Value 
: 
[08 [oso 
Reference Value 
oa [=o18 
P= ee [rs 
dBmOp 
na | 898 5 car [2a [vs 
+ pre clo 
[= [oar [08 [me 
teat oo 
ee 
P= [re [ones 
ms 
ere 
P= [-eae [ors 
[= [008 | ons 
P= reos 0.125 
ms 


Reference Value 
0.07 0.125 
0.10 0.75 
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—90 


| J Condition 

Parameter Symbol f bevek. it 

(Hz) (dBmO) 
TtoR CRT 1020 

Crosstalk | 


Scum nalen 46K | 
agains | ‘DI yor | — 
out-of-band ci (2s oe 
input signals 

Spurious SO 300 ~ 

out-of-band signals 

at the output Sioe 
Intermodulation IMD 1 ie = nee pa 


ll _ 7 


| 
ioe) 
~] 
gO : 





| 
16°) 
ee) 


—30 







| 
aS 
C 
oe 
ey 
© 


| 
p. 
uo 


~40 


Spurious in-band 

signals at the S1 1020 
output 

Single frequency 


Transmit PPSR T 
Vpp PSRR 
[Receive PPSRR ee 200 
Transmit NPSR T 300K mVp-p 
Vss PSRR 


Receive NPSRR 


—-50 


Oia! was|® 
oOo;1o;o;o 


50 200 
50 200 
Digital output delay R pull =1k0O 
time CL =100 pF 0 | - | 300 
Refer to Figure 3 


300 


NO 
O 


~ 100 


aon; Oo 


Digital output fall 
time | tDDf 
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PIN DESCRIPTION 


Pin No. 


1 AOUT— 


AOUT+ 


G 


4 PWI 


VFRO 


oO 


6 ~ Yppb 
7 RSYNC 


09 
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Function 
Receive analog signal output pins. 
The maximum output signal swing is 5 Vp-p. 
These output can drive the impedance of 6002. 


The output level of AOUT-— is a reversed output level of AOUT+. 
These output levels are fixed at OV in the power down mode. 


Analog ground level. 


Input pin for the receive buffer amplifier. 
Receive level can be adjusted by using VFRO pin and PWI. 





*"R2>10K0 


Output pin for receive filter. 
Voltage swing of output signal is 5Vp-p. 
So, it can drive a resistor of 10 K{ or more. 


Positive power supply pin. +5 V +5% has to be applied. 


Input pin for the receive synchronous signal. 

This signal is the base signal for the time slot of the receive PCM 
signal (DR). 

Rising edge of BCLK signal followed by the rising edge of this 
signal becomes the first clock. (Refer to Figure 4) 


PCM signal input pin. PCM signal is written at the falling edge of 
BCLK signal. It is latched into the internal resistor when the 8-bit 
data is written. Time slot, to which the data is written, can be 
control by following two methods. 
1) Fix the time slot 
Time slot 1 is selected by fixing the DCLK at “H” when the 
power is turned on. 
2) Variable time slot | 
Time slot can be selected out of 1 ~ 32 according to the time 
slot data (DC). Refer to the description about DC, DCLK, CS. 
The method for AD/DA conversion and coding method of 
input/output is conformed to CCITT’s recommendation G711. 
painted 5 is also provided with the even number's reverse 
unction. 


Input/ Dx/DR 

output 

level MSM6814 MSM6815 

+FS 10000000;1 03141 01 0 1 0 
+ 0 117194 7 «43% 71 «7271 14014 0 14 0 1 
- 0 O14%4%14%1 1 41 4/0 1 01 071 0 1 
—FS 00000000;0010 1 0 1 0 
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PIN DESCRIPTION (CONT.) 


Pin No. 


10 
11 
12 


I-C-56 





Function 


ae slot control signal input pin for receiving and transmitting of 
ata. 


b (DGLK. 242.0024 Aclock which enables to write a time slot data. 


8-bit burst clock or a continuous clock. Cycyle of 
__ the clock is 488 ns minimum. 
CS iiorcieaes Chip select signal input pin. 
When this pin is at “L’ level, DCLK signal becomes 
valid. 
DO cat cinecale Time slot data input pin. 
It consists of DC1 ~ DCs and the data is written at 
the falling edge of DCLK signal. 


00 Operation 


Specify the time slot of Transmit or Receive 
0 1 Specify the time slot of Transmit 
Specify the time slot of Receive 


Reset for time slot function, power down mode. 





Time slot can be specified out of 1 ~ 32. 

When the frequency of BCLK is lower than 2048 KHz, maximum 
number of the time slot is specified as follows. In this use, however, 
no time slot is chosen when 17th time slot is specified when BCLK 
is operated at 1024 KHz. 


BCLK _ Variable time slot 

512 KHz 1~ 8 
1024 KHz -  1~16 
1536 KHz 1~24 
1544 KHz 1~24 
2048 KHz 1~ 32 | 


In the variable time slot mode, the relation between the time slot 


data input and output data Dx is described in figure 6 below. 
(The specified time slot appears-from the Nth frame followed by the 
falling edge of 8th bit of DCLK.) 


_ Tohave the time slot assignment function reset, disable the Dx 


output in the first frame followed by the falling edge of 8th bit of 
DCLK. 


In this case, AOUT is also fixed at GND level. 
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PIN DESCRIPTION (CONT.) 


Pin No. 
13 


14 
15 


16 


BCLK 


DG 
DX 


XSYNC 


Function 


Shift clock input pin to write/read the PCM data (Dx or Dr). This 
signal has to be a continuous clock signal as it is counted down 
and is used as the clock signal for SCF filter and timing signal for 
AD/DA conversion. 

To guarantee the frequency characteristics of the filter, diviation of 
the input clock frequency has to be +50 PPM. 

If the frequency characteristics of the equipment is not specified 
strictly, MSM681 4 and MSM6815 operate normally if the clock 
signal and SYNC are within the range of the figure described in 
following table. (In this case, however, electrical characteristics of 
MSM681 4 and MSM6815 cannot be guaranteed.) 


; Number of clock 
Nominal data 


rate of Dx between SYNC signal 
and DR 
2048 Kb/s 256 253 257 


Digital ground pin. 


PCM signal output pin. 
This signal is synchronized with the rising edge of BCLK signal. 
The time slot, output from Dx, can be controlled by following two 
methods. 
1) Fix the time slot 
Time slot 1 is selected by fixing the DCLK at “H” when the 
power is turned on. 
2) Variable time slot 
Time slot can be selected out of 1 ~ 32 according to the time 
slot data (Dc). Refer to the description about Dc, DCLK, CS. 
The output of this pin is a open drain output and is at “open” except 
when time slot is output. A pull-up resistor of more than 1K) has 
to be connected between Vpp and Dx. 


Input pin for the transmit synchronous signal. 

This signal is the base signal for the time slot of the transmit PCM 
signal (Dx). 

Rising edge of BCLK signal followed by the rising edge of this 
signal becomes the first clock (Refer to Figure 3). XSYNC is not 
necessary to be synchronized with the RSYNC, but it has to be 
synchronized with BCLK. Frequency of this signal is 8 KHz. By 
fixing this synchronizing signal at either “H” or “L’, power down 
function can be realized. 
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PIN DESCRIPTION (CONT.) 


Pin No. Function 


Output pin for transmit time slot signal. 

The selected time slot is output when this signal is at “L” level. This 
pin has to be pulled-up by a resistor with more than 2 KO as itis 
open drain output. 


Mode switching signal input pin. Operation mode or analog 
loop-back mode can be selected. 
. TMCinput 
f j ; ———» Normal operation 
-—---— Analog loop-back mode 


These three pins are used for the transmit level adjustment. AIN+ 
is anon-inverting analog input pin which is connected to the 
non-inverting input of a transmit amplifier. 








20 AIN—- AIN— is a inverting analog input pin which is connected to the 


inverting input of the transmit amplifier. 


21 AIN+ GSx is a transmit amplifier output pin. Adjustment can be done by 


following method. 


Analo __—| 
input : RC Active 
filter 
O 






Gain =1+ Be <10 


AG 


Note: 1. R2+R3 > 10K0O 
2. When the DC off-set voltage of analog input is more 
than 20 mV, C1 and R1 should provide for DC blocking. 
in this case, cut-off frequency of HPF, composed by R11 
and C1, should be less than 30 Hz 
3. Ri should be less than 20K. 


22 Vss Negative power supply pin. 
—5 V +5% has to be applied. 
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D. PABX 
APPLICATION | 








OKI semiconductor 
MSA 4710 


SUBSCRIBER LINE INTERFACE CIRCUIT 


GENERAL DESCRIPTION 

The MSA4710 is designed to provide BSH functions and to meet PABX transmission 
performance requirements. 

This device can replace the hybrid transformer circuit. 


FEATURES 

® B (Batteryfeed), S (Supervision), and @ Free from parastic SCR‘’s using di- 
H (Hybrid) functions integrated on chip electric isolation technology 

@ Design to meet Central Office and @ Size and weight reduction over conven- 
PABX quality transmission require- tional approaches 
ments @ 28 pin plastic DIP package, 28 pin 

@ All transmission performance para- PLCC package 


meters can be externally programable 


l-D-3 
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BLOCK DIAGRAM 


le Current 'Bout 
Drive Amp. Vout 


IBin 


Interface 
Circuit 


ae 
Voltage V 
Protection Circuit ie ret 
Lisle 


| ferme | 
Drive Amp. Aout 


Ring 


Current 
Det. 





Figure 1 OK! SLIC functional block diagram 





PIN CONFIGURATION 


Top View 


28 pin Plastic Dip Package 28 pin Plastic Leaded Chip Carrier Package. 





MSA471 ORS MSA4710JS 
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PIN DESCRIPTION 


Name 
VBB 


A 


NE 


NB 
N.C. 


CN 
RY 


CDC 


VEE 





4WR 
N.C. 
PAD 


BNO 
BN1 
4WS 


ZX 


RNG 


7 
m 


= 
Oo 


m 


w 


~“ 


=} 
1e.¢) 


Function 


Battery supply, -48V input. 


The Ring voltage sensing input. This input is high impedance (apr. 
38 k{&2), and is connected to the built-in over voltage protection 
circuit. 


The Ring current sensing input and is connected to the emitter of 
NPN Darlington transister and the power resistor REA. 


The base drive output for the NPN Darlington transister. 
No connection 


Battery noise rejection capacitor input. This capacitor value is 60 V 
1 UF. 


AC performance adjusting resistor Ry input. 


AC high impedance providing capacitor Cdc input and constant 
current feed at the short line adjusting zener diode input. This 
capacitor value is 15 V 4.7 pF. 


—5 V input. 


Receive input and is connected to the positive input of the built-in 
buffer operational amplifier. 


No connection 


4WR to 2 Wire be 4dB lower. 


Pad control input. A logic level ‘‘H’’ makes the transmission level of I 
The balancing network drive output. 


2 wire terminating impedance compornent Zx input, transhybrid 
impedance Zt or Zb input and 2 wire to XMIT transmission gain 
adjusting resistor Rs input. This input sumes the current from the 
BNO through Zb, Zt, the ZX through Zx and the 4WS through Rs. 


Transmit output. 


2 wire terminating impedance compornent Zx input. This pin has 
a low input impedance. 


Ringing mode control input. A logic level “‘H"’ enables either the 
Tip or Ring power Darlington transister to source the half of return 
current of the Ringing signal, changes the threshold of the fault 
current detector and inhibits the loop current detector from 
operating. | 


Battery-feed mode control input. A logic level ‘‘H’’ switches off both 
the Ring and Tip current drive amp. and presents a high impedance 
to the line. (apr. 80 kQ). 


No connection 


Should be connected to G. 
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Name Pin No. _ Function oe 
Output of both the fault current detector and loop current detector. 

SCN A logic level ‘’H” indicates Off-hook or line fault condition. This 
output is open-collector with a built-in pull-up resistor. (apr. 10 kQ) 

VCC +5V input. | 

cc 93 -Compensation capacitor Cc, in series with Rc, input. These capacitor 
and resistor are 4700 pF (30 V) and 2 kQ2, respectively. 

G Ground input. | 

N.C. No Connection 

PB 26 The base drive output for the PNP Darlington power transistor. 

PE 97 The Tip current sensing input and is connected to the emitter of the 
PNP Darlington power transister and the power resistor REB. 
The Tip voltage sensing input. This input is high impedance (apr. 

B 28 38 kQ2) and is connected to the built-in over voltage protection 
circuit. 





H-D-6— 


ABSOLUTE MAXIMUM RATINGS 


Rating 


cr 


Supply voltage 


Tip and Ring voltage 
sensing terminals 

A and B input 
current 


Receive signal 
input voltage 


Operating junction 
temperature 


Storage temperature 
range 


Symbol 


us) 
es) 


C 


< 
m 
O 


or, 
m 


lA. |B 


V4WR 


Tstg 


Value 
—60 ~ +0.3 
—0.3 ~ +7.0 
—7.0 ~ +0.3 


—55 ~ 150 


RECOMMENDED OPERATING CONDITIONS 


Rating 
Supply voltage 
Operating ambient 
temperature 


Loop current 


Longitudinal 
induced current 


Symbol 


< 
wo 


_ 4 |< 
wo 


< 


CC 
EE 


m® 


IAC 


NO 
ol 


+4.75 
—5.25 


+ 
< 
xo) 


NS 
ASS 


+5 
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VEE—-0.5 ~ Vect0.5 





Max. 


+5.25 
—4.75 


Ta=25°C 


Unit 


mA 


Unit 


mA 


a ne 
conductor 
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ELECTRICAL CHARACTERISTICS | , 
Ta=0°C~ 70°C, Vag =—48Vt5V, Voc = t5V +5% 
| Vege =-5V +5% 
@ REA = REB = 45, Ry = 4.7 KQ 
e@ 2 wire terminating impedance = 900 2 +2.16 uF 
@ Balancing network = 800 ra 2 + 50uF) 











Minimum battery feed — = _48 V anit 
current = B 1900 2 
Veep =—-53 V 
ON-Hook Ry = open 170 mw 
Power Vcc = +5.25 V, Veg =—5.25 V 
dissipation Vpp = —53 V 
OFF-Hook R,_ =502 ~ 700 mw 
Vcc = +5.25 V, Veg = —5.25 V 
ON-Hook supply current Icc Vie myer V | = | 78 | mA 
ee ace Lee 
2-wire leak current ILEAK Sr mA 
ee 
2-wire return loss Ri Fig. 3 dB 
0.5 KHz ~ 3.4 KHz 29 = 
Frequency response SFR Fig. 2 f = 0.3 KHz ~ 3.4 KHz por | 401 dB 
: : f = 1004 Hz | 
Insertion loss variety at Fig. 2 I, = 20'mA ~ 80 mA na [Ot | 03 dB 
Idle channel noise So C-message Fig. 5 = | te | dBrnc 
caene-osme | = | - | 
Transhybrid loss Tut | Fig.4 | 0.5 KHz ~ 2.5 KHz | 23 | - | dB 
| | 2eKHe~34kHe | 23 | - | 
Fig.6 -.0.2 KHz ~ 3.4 KHz 
Longitudinal balance Lp The matchig of REA and REB 46 dB 
is 0.1% 
Power supply noise Fig. 7 0.2 KHz ~ 3.4 KHz 30 dB 
rejection ratio Vin= 100 mVp-p 
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G,, = 20 log 





Vx £ 


G,, = 20 log ve] @ vr =ov 







MSA4710 





PAD 
coc RY Ves VEE 


45 8 9 
| ®2-wire terminating impedance, Be rt ee 5V 
Zto = 9002 + 2.16 uF | | wey 
® Battery feed resistance, RDC = 2 x 2002 
@ Transmit and receive gain, G,, =G,, =0dB 


@ Balancing network, Z; = 8002/(1002 + 50 nF) 
(See APPLICATIONS INFORMATION) 


Figure 2 Transmit & Receive Gain Test Circuit 


Ri = 20 log Zt |-6 8 


9002 (+1%) 


2.16 uF (+1%) 


C = 100 pF 
VL 


MSA4710 


® 2-wire terminating impedance, 
Zto = 9002 + 2.16 uF 

® Battery feed resistance, RDC = 2 x 2002 

@ Transmit and receive gain, G,, =G,, =0 dB 

@ Balancing network, Z; = 8002/(1002 + 50 nF) 
(See APPLICATIONS INFORMATION) 


Figure 3 2-wire Return Loss Test Circuit 
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1002 
(+1%) 
50 nF 
(+1%) 


MSA4710 


NE PAD 


coc RY VBBYVEE 
45 8 
@ 2-wire terminating impedance, Be : | 
Zto = 9OOD + 2.16 WF ae 


® Battery feed resistance, RDC = 2 x 20002 

© Transmit and receive gain, G,, =G,, =0 dB 

@ Balancing network, 2, = 8002/(100Q + 50 nF) 
(See APPLICATIONS INFORMATION) 


Figure 4 Transhybrid Loss Test Circuit 


9002 
(+1%) 


MSA4710 


o 


cbc RY VBB VEE 
45 8 
@ 2-wire terminating impedance, De ; 
Zto = 9OOQ + 2.16 WF 


® Battery feed resistance, RDC = 2 x 2002 
@ Transmit and receive gain, G,, =G,, =0 dB Figure 5 Idel Channel Noise Test Circuit 
® Balancing network, Z, = 8002/(1002 + 50 nF) 

(See APPLICATIONS INFORMATION) 


C = 100 ywF 
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C = 100 pF 


2. 


MSA4710 


28D1502 





C = 100 pF 


Yh 


IEEE Std 455-1985 cbc RY VBB VEE 


@ 2-wire terminating impedance, 
Zto = 9002 + 2.16 uF 
® Battery feed resistance, RDC = 2 x 2002 
© Transmit and receive gain, G,, =G,, =0dB 
® Balancing network, Z,_ = 8002/(100Q + 50 nF) 


(See APPLICATIONS INFORMATION) 
fu 
. +5V 
2K 


C = 100 pF 1.8K 5 


BSS 
oi 
O 
N 
EAE 





Figure 6 Longitudinal Balance Test Circuit 







9002 
(41%) VE 





MSA4710 






2SD1502 


J 
cbc RY VBB VEE 
45 8 9 a VEN 
@ 2-wire terminating impedance, Dz 7 X)-v 
Zto = 9002 + 2.16 uF (—)--~48v 


® Battery feed resistance, RDC = 2 x 2002 VBN 

e Transmit and receive gain, G,, =G,, =O dB 

® Balancing network, Z; = 8002/(100Q +50 nF) | 
(See APPLICATIONS INFORMATION) 








C = 100 pF 


Figure 7 Supply Noise Rejection Test Circuit 
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APPLICATIONS INFORMATION 


The OKI SLIC is comprised of a bipolar dielectric isolated integrated circuit. MSA4710, 
two comprementary Darlinton power transisters, a 2-wire terminating compornents, Z x, 


two transhybrid rejection impedances Z;, Zp nine resistors and three capacitors as shown 
in Figure 1. 


The circuit of Figure 1 will provide: 


Adjustable resistive battery feed 

Adjustable maximum loop current at the short line 
Adjustable 2-wire terminating impedance 
Adjustable transmit and receive gain 

2-wire balancing to 4-wire single ended conversion 
Adjustable balancing network 

Hook-state output 

Line fault current limiting (apr. 50 mA) 


Rejection of longitudinal induced current (10 mArms/conductor) 
Adjustable longitudinal balance. 


1) DC CHARACTERISTICS 
a) Battery feed 
In the Off-hook state the equivalent battery feed resistance RDC is given by 


RDC = (REA + REB)x4.44 ............ (1) 
Examples | 
RDC = 2x2002 REA=REB=45Q 
RDC = 2x220Q REA = REB = 50Q 
The matching of REA and REB is critical to a number of AC performance parameters. | 


b) Maximum loop current limiting | 


The constant current feed at the short line is acheived by eounecens a zener diode 
between the terminal CDC and VBB. 


The constant current value is given by: 100 
Icl = 0.9x(V7—2)/REA 

. (2) Vz: Zener voltage 

Typical Battery feed characteristics 





is shown in Figure 8. t 
5 

t 50 
pao] 
O 
a 
re) 
me) 
aay 

Ce ee 
0 10 20 30 40 50 
Figure 8 Typical Batteryfeed Characteristic Voltage between Tip and Ring (V} 
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2) SUPERVISION 


The OKI SLIC has two comparators, Comp0 and Compt}, to supervise the subscriber line 
conditions. The CompO can detect the sum current of the Ring and Tip through the power 
resistors REA, REB, and the Comp1 can detect the absolute differential current between the 
Ring and Tip through REA and REB. Thereby, the subscriber’s On-hook or Off-hook and 
Dialing pulses can be detected by Comp0O, and subscriber line’s troubles such as Ring-to- 
ground or Tip-to-battery fault can be detected by Comp1. 


The Current-limit-circuit can make the fault current limiting at apr. 50 mA when the 
Comp! detects the fault current. 


Functional circuit diagram of supervision is shown in Figure 9, and the threshold current 
value is shown in table 1. 


The RNG function can be used to send the Ringing signal. (see Figure 11) 


When RNG is logic level “‘H’’, to prevent the two comparators from detecting the ringing 
signal current which flowes into the short line in the On-hook state, the detecting threshold 
of Comp! is become higher than that of the detecting line fault, and output of the Comp0O 
is inhibited from making the SCN low, and at the same time, to prevent the Current-limit- 
circuit which causes the Ringing signal current to distort from operting, the output of 
the Comp 1 is inhibited from driving the Current-limit-circuit. | 


(REA-i, + REB-Ip) Le 
* Hysteresis 
P if Cont. 
VREF, a T VREF, 
}I 


0.89 x (IREA-I, - REB-Ig!) a | 0.262 x VEE 
0.571 x VEE 


Hysteresis 0.128 x VEE 


7 Cont 0.667 x VEE 


Eo 
VREF, | 


VREF, 


VREF; 
|! 
O RNG 

la: Ring Current 
Ip: Tip Current 

to 

Tip & RING een 

Curent Circuit P 

drive amp. 


Figure 9 Functional Circuit Diagram 
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Table 1 | 


a _ (lA +B) ORI, - IB] | | 
| CURRENT DETECTION — THRESHOLD 
VREF VOLTAGE | : an 


REA = Rep = 45 Q Rea = REpB=50Q 


VReF2=2855V | - | 72 | - | 642 
VREF4 = 3.335 V 83.4 poo 75.1 


3) AC CHARACTERISTICS 
- The AC functional circuit diagram of the OKI SLIC is shown in Figure 10. 


a) 2-wire terminating impedance 
2-wire terminating impedance Zto is given by eq. (3) 
Zto = (VL/IL) = Zx/(Kj x Kyo)... ..- de ei AS) 


The value of Zx can be derived from eq. (3) to provide the desired 2-wire terminating 
impedance. 


Zx = Zto x (Kj x Kyo)... 2. ee (4) 
Both the value of the current gain Ki and the voltage gain Kg are given by table 2. 


-b) Transmit and receive gain 


- 2-wire to XMIT and REC to 2-wire transmission gain G54, Gaz are given by ea. (5) 
and eq. (6) respectively. . 


Gog = IVx/Vi l= IRs x Kyo/Zxl.. 0... (5) 
= |v) Ve fa Av 1L* Kv3 x 21 | | 
Ga. = |VL/VR |= | a / 121 + Zx/ (Kyo x Miiiisacsa chee eace (6) 


The impedance Zl may be chosen a general transmission impedance 600Q2 or 90022. 
The value of Rs may be calculated to provide the disired G5, for given Zx.by eq. (4) and 
Kyo by table 2. | | 7 


Rg = IZxX x Go4/Kyol stg anatase re . (7) 


The value of the receive attnuator Ky3 may be desired from eq. (6) and (4) once ZI is 
known, — 7 | 


Kyv3 = Go4 x (2) + Zto)/(Z x Kyq/Kyo) |.........0..- Potente .. (8) 
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Figure 10 AC Functional Circuit Diagram 





c) Transhybrid rejection 


-Transhybrid rejection is acheived with OKI SLIC by taking advantage of the 180° phase 
reversal of the current ix at the negative input of OPS amp with respect to receive signal Vp. 
When the receive signal VR transmits to 2-wire, the return current ix from 2-wire and the 
cancel current is apear at the negative input of OPS amp. 

These ix and ib are given by eq. (9) and (10). 
_VRx Ky1 x Ky3 1 


ix RUG ee spies ama wte o (9) 


ib = -VR x Ky x Kya x Ky3/(Zp + Zt). (10) 


The value of the impedance Zp and Z; are selected to exactly cancel out the return 
current ix and are determined by eq. (11) and (12). 


Zb = Kj x Kyo x Kyo x ZR... ee, (11) 
Zt = Ky2 x Zx = Kj x Kyo x Ky2 x Zig... (12) 


The impedance 72 may be an actual subscriber line loop impedance, including phone set. 
The value of Ky@ is shown table 2. 


d) Longitudinal balance 


The longitudinal balance is determined by the matching both the gain of the Tip and Ring 
current drive amp. 


The longitudinal balance may be improved by making a little adjustment of either power 
resistor REA and REB because the gain of the Tip and Ring current drive amp are 
determined by the ratio of the power resistors and the built-in resistors respectively. 
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No. 
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Symbol of gain 


Kj 
Kyo 
Kv1 
Ky2 

Ki'Kvo 


Ki-Kvorky2 


DESIGN EXAMPLES 


Table 2 


Actual gain of OKI SLIC 





_ Ry, 
REA + REB © 


0.167 


- 3.858 


1.517 
0.644 > 
a REG 


0.977 -____Ry_ _ 
Reat+Rep 


~ Example gain 
@ Ry =4.7K 
@ REA = Rep = 45 Q 


201 
0.167 | 
1.60 
1.517 
33.6 


— 51.0 


Table 3 and Table 4 are shown the design examples of the 2 wire terminating impedance 
component Zx and the two transhybrid rejection impedances Zt, Zb, in the case of REA = 


Rep = 45 Q and Ry = 4.7 KQ. 


(1) 2-wire terminating impedance Zx. 






Zto 





1 
9002 2.16y 
2 oI ® 
6002 1uF 


Required 2 wire 
terminating impedance 


Table 3 


Determined impedance 
from table 2 
Zx. (Rx. Cx) 


Rx Cy 
oA —0 
30.2K 64nF 


20.2K 30nF 


~ Note (1) Cy: needed to be provided to block the DC (~ 0.68uF + 50%) 













Remark 


Apply to North America 
(AT&T) 


(See CCITT rec. Q517) 


Apply to NTT 
(See CCITT rec. Q517) 


- Apply to BT 


(See CCITT rec. 0517) 


(2) When a required 2-wire return loss cannot be obtained even when an externaly impedance 
Zy is selected, it is possible to improve the characteristic merely by adjusting the externally 


resistor Ry. 
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(2) Transhybrid rejection impedances Zt and Zb. 


Table 4 


Determined impedances 
f table 2 
eee e Remark 












2-wire subscriber 
line loop impedance 


(1) 


2-wire terminating 
impdeance Zto 


(1) 






North America 
nonloaded line 








10022 





50uF 






oM\A-——o 
9002 2.16 uF 


North America 
loaded line 






1002 SnF 





North America 
special service 
line 





4 NTT 
51K 31.6K 
34.2K 
4.3nF 6.1nF 





Note (1): See LSSGR and CCITT redbook Rec. Q517. 
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RINGING SIGNAL INSERTION a 



























G 
| | +5V 
oie. 
get 
28 
so 182597 
38S 
a 0 
Tip 1$2597 XMIT 
| : 
/ 2581061 o a 
; Negative half = 
p Q cycle current 23 Tt 
. b= 
2SD1502 iz 
B 2 Rro : 
MS 2 E 
C 182597 SCN 
Ring S| -~ eel 
Relay “J La a ae || BF 
ae ae Sa 
RGO 2 Trip NE PAD 3 | |Pac 
Det. CDC RY Ves VEE 
REA . 8 
Dz i ; | | -5V 
S | |-48v 
~48V 
oS 
Silent period . Ringing period Silent period 
Ringing 
— Current 
RNG | 
L 
SCN H 
Loop current detector 
Note: BF should be always logic level “’L.”’ may detect a charge or discharge 


current, : 
(See APLICATIONS INFORMATION) 


Figure 11 Signal Insertion Circuit Diagram 
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OKI semiconductor 
MSA4722-1 


SOLID-STATE RELAYS FOR SLIC IN THE PABX 





GENERAL DESCRIPTION 


The MSA4722-1 is a solid-state relay function LSI for SLIC in the PABX and it consists 
of eight high-voltage PNPN Switches. The MSA4722-1 is designed to provide R.T functions 
for SLIC. 


This device can replace conventional electromagnetic relays. 


FEATURES 

® R (Ringing signal sending & Ring trip @ Low ON-Resistance & High OFF- 
interface), T (Network test switch) and Resistance. 
Cutoff (Separate the Battery-Feed @ Size and Weight reduction over electro- 
circuit from subscriber line) functions magnetic relays. 
on chip. @ 22 pin plastic DIP package. 


@ High voltage functions integrated in 
dielectric isolation technology. 


FUNCTIONAL BLOCK DIAGRAM 


2 
AO 
Sub- 
scriber Battery 
line Feed 
<7 Circuits 


7 


BO "OBB 
cc S, 
IH O22 Dj 
NHr-O18 “Ke3 
VEE; 
13 Bale Ay a A124 ws 


ORR RNG ray TRPNTIONTC NTO 
+ VBB GTO function 


- © Control terminals 
(TTL compatible) 


RG2 RGi ~-RgGo 
@ VCR y PNPN switch with 


Figure 1 MSA4722-1 Functional Block Diagram 
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PIN CONFIGURATION 


Top View 
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PIN DESCRIPTION 


Name 
RB 

A 
AA 
NT1 
BB 
NTO 


N.C. 


RA 


NTC 


PLP 


~ NOR 


N.C. 
RC 


VCC 


—_ 
ie) 


~J 


NO 
i=) 


NO 


NO 
NO 


Function 


Ringing signal sending power resistor RG1 input and connected to Ring line 
through the switch S1. The resistor value is 510 2, 1 W. 


Connected to Ring line. 

Connected to the poled negative terminal of the Battery-feed circuit. 
Connected to the Network test equipment. 

Connected to the poled Sositive terminal of the Battery-feed circuit. 
Connected to the Network test equipment. 

Connected to Tip line. 

Unused. 

Connected to the power resistor RG2 which supply the battery for Tip line 
in order to feed the DC current for detecting the customer's off-hook. 
The value of the resistor RG2 is 220 2, 0.25 W. 

Unused. 


Connected to ground. 


Network test switches $5, S6 control input. A logic level ‘‘H’’ connects the 
Battery-feed circuit to the Network test equipment through S5 and S6. — 


Superimposing VBB switches S2B control input. A logic level ‘’H” super- 
imposes VBB during the Ringing signal is sent. 


Line cutoff switches S3, S4 control input. 
A logic level *‘H’’ turns on both S3 and S4. 


The gate turn-off function of the PNPN switches $3, S4 control input. 
A logic level *‘H”’ gets the loop current interrupted by these switches. 


Ringing signal sending switches $1, S2A control input. 
A logic level ““H’’ sends ringing signal to the customer. 


The ringing voltage output. This voltage is proportional to the voltage 
between the terminals RC and CR. The output impedance is apr. 10 kQ. 


-5 V input. 

Ringing signal generator input and connected to the ringing signal feed 
resistor RGO. 

The resistor value is 220 0, 0.5 W. 


Unused. 


Ringing signal feed resistors RGO and RG1 input. The voltage between 
RC and CR applies to the Ring trip interface circuit (IF). 


+5V input. 
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ABSOLUTE MAXIMUM RATING | 
| | as Tg = 25°C. 
Value Unit 
—0.5~ +7 
—7~+0.5 | 
+180 


Rating | Symbol 


2) 
O 


m 
m 
< 


Supply Voltage 


Anode-cathode Current 
Continuous one 


IAK 170 mA 

Operating Ambient | ines 0 

Storage Temperature Range | —55 ~ +125 “C 

Junction Temperature Range se 

RECOMMENDED OPERATING CONDITIONS 
me ae ae 
| 44,75 ~ 45.25 

Supply Voltage 3 | V 
TT Ringing Signal Voltage VcR 69 ~ 83 Vims. 
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ELECTRICAL CHARACTERISTICS 


(Uniess otherwise noted T, = 0 to 70°C) 








Logic input voltage V 
ac 
Logic input current p Highievel li | Vin= Voc as p= 4 | mA 
~320 320 
Breakdown voitage V 
-260 260 





Minimum voltage ramp 
Which could fire the SCR dv/dt 
under transient conditions 


Interrupt DC current capability lofF | GTO="H" 
Holding current | oe 
ON voltage VE Ip =30mMmA 


200/0.8 V/us 


pS 
< 


mA 
mA 


S,~S. 


Center 


current 


IF =30mA 
Relative ON resistance error 


OFF state resistance ROFF VAK = 50V 150 
in = £8V 
6.2 


Dynamic ON resistance 


io) 
w 

o2) 
rN 





MQ 


Ringtrip interface circuit K 


transfer ratio 0.305 


O 


= = 
a O 


TRP output resistance Rout 13.8 kQ 


Note (1) The fan-in of GTO, RNG and PLP is two, respectively. 
Other logic fan-in is one. 
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B 


Switch — 

control 

circuit 
Open 


(a) P-gate Drive Current (b) N-gate Drive Current (c) GTO Drive Current 


Figure 3 Switch Drive Current Test Circuit 


Vx = -16V ~ +16V 


V\ 


K — 


Figure 4 Ring Trip Interface Circuit Transfer Ratio Test Circuit 
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APPLICATIONS INFORMATION 


1) Overvoltage Protection 
The MSM4722-1 consists of 8 high voltage withstanding PNPN switches. 


But overvoltage protection circuit is required and it must keep the voltage at the line 
interface terminals A and B the value indicated eq. (1) during lightning or transient high 
voltage strikes. 


Velp = Vbo-V 2 x Ver.......... (1) 


Vclp : 2nd arrestor clamping voltage. 
Ver : Ringing signal voltage [r.m.s] . 
Vbo : Breakdown voltage of S1. 


A 
/ ‘\ ~ 2nd arrestor 
7 oA clamping 

1 \ voltage 


-MSA4722-1 VCLP 


TIP 4 


2nd ARRESTOR 


Ringing signal 
Maximum 


~Y) VCR 


V 
a ite 


Figure 5 Overvoltage Protection Diagram 





2) Ringing Signal Sending Time Chart 


The OKI RT-LSI can send the ringing and silent signal to the customer and these signal 
sending method is shown below and in Figure 6. 


The ringing signal can be sent to the customer through the switches $1, S2,, S2p, during 
the RNG and PLP are logic level “’H”’. | 


The silent signal can be sent by the Battery-feed circuit through the Cutoff switches 
$3, 54 during NOR is a logic level ‘’H’’. 


Some guard timing are required when ringing and silent signal are sent, because RT consists 
of the self-holding PNPN switches and the holding-current of these switches is very small. 


The ringing and silent signal sending time chart is shown in Figure 7. 
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MSA4722-1 NT1 NT aa 
Equivalent battery 
VA feed circuit 


@ L-2ZZVVSWN-XaVd @ 






Switch 
' drive. 
circuit 


Timing 


generator | - 





—- ——-—& Ringing current 


_——_— >. Silent current 
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Ringing period 


Ringing signal Silent period 
sending current 


RNG&PLP 


: prevents the switches S, and S, from holding by flowing current through a line leakage 
resistance. (21 ms) 


: needs to be not shorter than the half cycle time of ringing signal frequency. 


(e = 32 ms) 


1 
Be pee a, 
*-=9x 16 Hz 


Figure 7 Ringing/Silent Signal Sending Time Chart 





3) Cut-off from the Battery-feed Circuit Method 


As the gate turn-off capability of the battery polarity reverse switches $3, Sq is not 
greater than the loop current, line cut-off from the SLIC must be performed by the 
following sequence. 


a) The Battery-feed circuit is turned off in order to reduce the loop current to be inter- 
rupted by gate turn-off function of the switches S3 and S,. 

b) The logic input NOR is turned ““L” and the GTO is turned ‘’H” in order to interrupt the 
leakage current flowing from the Battery-feed circuit to the line. 

c) GTO input is turned “‘H”’ 1 ms after the cutoff swithes S,, S, are completely turned off, 
in order to prevent the GTO driving current from flowing in the line. 


The line cut-off time chart is shown in Figure 8. 
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Loop current 


GTO drive current (~ 3mA max) - | 


Figure 8 Line Cut-off Time Chart 





4) Ring Trip Interface Circuit Characteristics 


The Ring trip interface circuit (IF) attenuates the voltage generated on between terminals 
CR and RC, and transmits to the TRP terminal. 


The IF circuit diagram is shown in Figure 9. 


As the level shift transistors’ collectors are connected to the ground through the output 
resistor, the phase difference between ringing generator voltage and ringing signal current 
distorts the output wave-form of the TRP. 


Figure 10 shows this case. The IF transmission characteristics is shown in Figure 10 and 
Figure 11. The ring trip detection may be possible by connecting an anpropilets low-pass 
filter and comparator to the TRP terminal. 


Ring trip interface 
circuit 


a a a aaa 


- 


Level 
shift transistors 





Figure 9 Ring Trip Interface Circuit Diagram 


Wi-D-28 


 PABX: MSA4722-1 ¢ 


On-Hook 
: Off--Hook 


Tit T Ett Ey 
ERERSRATESS 
Pitti tt PA 
BERR EEVGEE 
Titi ty ttt es 


Aff 
S\N 





xxx) 
BRXXX] 
OX) 
Ox SS 

FXG 


TILT ALT 
iii td 
BEVGRREEEEe 
Piet tt tty 
BERERREEEE 


Oe 
~ 


Figure 10 Ring Trip Interface Dynamic Characteristic 


Figure 11 Ring Trip Interface Static Characteristic 


(On-Hook) 


lg 






VTRP 
ov 
Vee pee ee 
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OKI semiconductor 
MSM6912 


PCM CHANNEL FILTER 


GENERAL DESCRIPTION 


The MSM6912 is a PCM channel filter LSI which is fabricated by OKI’s low power con- 
sumption CMOS silicon gate technology. 
It consists of pre-filter, HPF, post filter and two LPF’s. 


FEATURES 
® CCITT G.712 standard @ Power-down mode available 
® 50/60 Hz rejection filter on-chip e 128 KHz or 2048 KHz external clock for 
@ SIN x/x compensation filter on-chip operation 
@ External gain adjustment, both transmit ©@ Powersupply, +5 V 
and receive filters @ 16-pin ceramic DIP package 
BLOCK DIAGRAM 














Vxait 9 
oe i ; Hee at rier J vx0 
VxGO | 

Clock Y CLK 
7 Generator 
RO O CLKS 
VRGI- 





VRGO 
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PIN CONFIGURATION 





PIN DESCRIPTION 


Pin No. Function 


1 Vxqait Vxqlt is the non-inverting input of the gain-setting Op Amp inthe 
transmit filter section. 
The input analog signal is typically applied to this pin. 


VxXQI- Vxai- is the inverting input of the gain-setting Op Amp in the 
transmit filter section. 


NO 


3 VxGO VxGO is connected to the output of the gain-setting Op Amp in the 
transmit filter section. 


An appropriate voltage gain can be set as shown in Figure 1 below. 


Vyx@it 1! 






Gv=1+RF/RG 
(RF +RG) >10KO 


VxGO | 


1 
Figure 1 


As the transmit filter section has a gain of approx. +3 dB excluding 
this amplifier, a suitable level diagram has to be selected. 

The DC offset voltage of VxGo becomes 50-Gv (mV) in the worst 
case. The load resistance connected to VxGo should be greater 
than10KQ. 


4 VRO VRo is the analog output of the receive filter. Because the output 
impedance is not so low, it is better to use the gain setting OP Amp 
as a output buffer. The resistive loads connected to VRo should be 
greater than 10 KQ. 


Vreit Vroit is the non-inverting input of the gain setting Op Amp inthe 
receive filter section. 


6 VRGI- VrGaI-— is the inverting input of the gain setting Op Amp in the 
receive filter section. 


oO 
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Pin No. _{ PinName Function 
7 VRGO VRGO is the output of the gain setting Op Amp in the receive filter 
section. An appropriate voltage gain can be set as shown in Figure 
2and3. 
| 
14 VYro 
| 
| 
15 YVrait 
| 
| 
7 YVRGO 
Gv =+R2/R1 
Re (R1 +R2)//Ry >10KO 
le Vrain Ri 
| 
| R1 
| 
Figure 2 
i 


Gv =R2/(R:i+R2) 
(Ri+R2), RL 210K 





Figure 3 


Use Figure 2 for amplification and Figure 3 for attenuation. As the 
receive filter section has a gain of approx. O dB excluding this 
amplifier, a suitable level diagram has to be calculated. 

The DC offset voltage of VRGo becomes as follows in the worst 
case; 


Figure 2 ... (200 + 50) -Gv = 250 - Gv (mV) 
_ Figure 3... 200 -Gv + 50 (mv) 
The resistive loads connected to VRGo should be greater than 10 
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Pin No. 


10 


11 


12 


13 


14 


15 


16 





Pin Name 


Vss 


< 
0 
0 


< 
e " 


QO 
Pas 
A 


PDWN 


CLKS 


AG 
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Function 


Vgs is the negative supply pin. The voltage supplied to this pin 
should be —5V + 5%. 


Vpp is the positive supply pin. The voltage supplied to this pin 
should be +5V + 5%. 


VR, is the analog input to the receive filter. The receive signal is 
typically generated by the decoder section of a companding 
CODEC (ex. MSM6917AS). 

The receive filter provides the sin x/x correction over the passband. 


This pin is connected to the digital system ground. 

CLK is the digital clock signal input. Two clock frequency (128 
KHz, 2,048 KHz) can be applied. 

The desired clock frequency is selected by the CLKS input. 


For proper operation, this clock should be tied to the receive clock 
of the CODEC. 


This control input enables MSM691 2AS in the powerdown mode. 
Power down occurs when the signal of this inputis pulled high. 


This control pin is used to select the desired clock frequency. 


CLK (Pin 12) CLKS (Pin 14) 
128 KHz Digital “L” 
2,048 KHz Digital “H” 


This pin is connected to the analog system ground. 






VXO is the analog output of the transmit filter. The output 
voltage range is +2.5 V and the output DC offset voltage is 
less than 200 mV. This output should be AC-coupled to the 
encoder section of the CODEC. The resistive load 
connected to Vyxo should be greater than 5 KQ). 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 





Supply voltage V 
Ta=25°C with 

Digital input respect to a3 . 

voltage VDIN DG and AG -~0.3 ~Vpp + 0.3 V 

Analog input V Ves—0.3 ~Vppt0.3 V 

voltage AIN Ss : DD ; 

Operating e . 


OP 
Storage T —55 ~ 150 °C 
temperature ST 


Recommended Operating Conditions 


Vss 






Parameter 





With respect to 


Supply voltage DG and AG 










Operating 
temperature 


DC and Digital Interface Characteristics 


(Vpp = +5V + 5%, Vgg =—5V + 5%, Ta = 0 ~ 70°C) 


Parameter Symbol Conditions Unit 
pomin | tye | Mex 
[ 0.01 | mA 
Standby supply = re ee ee 
current PE MEL 
Isss 0.01 1 mA 





Operating 


supply current Isso 


Input leakage HL 
current I 

IH 

Input voltage VIL 

VIH 
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Analog Interface, Gain Setting Amplifier and Transmit Filter 


Gain setting amplifier 


Filter 


(Vpp = +5V + 5%, Vss =—5V + 5%, Ta =0 ~ 70°C) 
Limits 


Parameter Symbol Conditions a Unit 
Typ 


Input leakage 

current 
VxGIt 
VxXGI- 


IBx —3.2V <Vin<t+3.2V 


input 

resistance 
Vx@it 
VXGI- 


Rix 





Input offset 
voltage VOsxI —3.2V<Vin<+3.2V 


DC open loop a 
voltage gain 
Open loop 
unity gain fox 5 
bandwidth | 
Load 
Load 
Output voltage 
Output 
VOSx VxqGit =AG 
putpel erst Input OP Amp at mV 
Unity gain 





<= 


Hz 








_ | Load 


Load 
Output voltage . 
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Analog Interface, Receive Filter and Gain Setting Amplifier 
(Vpp = +5V + 5%, Vss =—5V + 5%, Ta 


Filter 


M-D-36 


Parameter 


Input leakage 
current 


Input 
resistance 


Output 
resistance 


Output offset 
voltage 


Load 
capacitance 


Load 
resistance 


Output voltage 
swing 





Input leakage 
current 


VRGait VRGI- 
Input 
resistance 
Vaait Vrai- 


input offset 
voltage 







DC open loop 
voltage gain 


Open loop 


unity gain 
bandwidth 





Output 
resistance 
Load 
capacitance 
Load 
resistance 
Output voltage 
swing 


Ey 
D, 


Symbol 


IBR1 


Ror 


VOSR 


CLR1 


RLR1 


VoRt RE >10KO 


—3.2V<Vin<+3.2V 


Bs) 
NO 


VOSRI 


AVR 


CLR2 


RLR2 


VOR2 


Conditions 


—8.2V<Vin<+3.2V 


—3.2V<ViIn<+3.2V 


At unity gain 











oO 
0 


RL= 


a= 
O 


H+ 


+ 
N 
on 


2.5 


pe tt 


sf fefs. | 


Limits 


1°) 


— = 
© 
- x 


— 


o | 8 


NO 


oo) 





=0 ~ 70°C) 


Unit 





pA 


MO 


mV 


PF 


KO, 


pA 


Mo 


mV 


dB 


MHz 


PF 


KO 
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Transmit Filter Transfer Characteristics 
(Vpp = +5V + 5%, Vgg =—5V + 5%, Ta =0 ~ 70°C) 


Parameter Symbol Conditions 


Absolute passband 
gain (900 Hz) 


Input = 0 dBmo 
—1.25 Vrms 


Output 
=+3dBmo 
—1.77 Vrms 


4000 Hz 


Relative gain (to GAX) 





4600 Hz and 
above 


Gain variation with Input =O dBmo 3 

temperature | GAXT 900 Hz |= 0005 dB/°C 
Se : Input =O dBmo 

ae fee with 900 Hz sayy 
PP Supplies: +5% 


Crosstalk, Receive dB 
to Transmit 


Total C message noise N 

at output CX1 I 
dBrnco 

Total C message noise N 20 dB 10 _ 

at output CX2 

Differential envelope - 

eeley es nee eo tafe S 

[200 | - | 








Absolute delay | 9002 Hz 


Single frequency VxoO = +3 dBmo _ 
distortion products eS 20 dB 45 


Positive power 

supply rejection Poppi VXO;, ate a 25 | 30 dB 
ratio 

Negative power V 900 Hz 

supply rejection PspRo XO 28 
ratio VSS 


*1 Vp) =O dBmo, 900 Hz 
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Receive Filter Transfer Characteristics 

















Parameter Symbol 


GART 


Gaxs 
CTxR 


AbSoliS passband. passband 
gain (900 Hz) 


Below 300 Hz 
300-3000 Hz 
3300 Hz 

3400 Hz 

4000 Hz 


Relative gain (to GAR) 


4600 Hz and 
above 


Gain variation with 
temperature 


Gain variation with 
supplies 


Crosstalk, transmit 
to receive 


Total C message noise © 
at output 


Differential envelope 
delay 


Absolute delay 


Single frequency 
distortion products 


Positive power 
Supply rejection 
ratio 


Negative power 
supply rejection 
ratio 


*1 Vyo9 =+3dBmo, 900 Hz 


VR} =AG 


*2 Removing the component of 128 KHz 
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(Vpp = +5V + 5%, Vgg =—5V + 5%, Ta=0 ~ 70°C) 


Limits 





Conditions 


Input =O dBmo 
=1.25 Vrms 


Output 
=+3dBmo 
=1.77 Vrms dB 
With sin x/x 
correction 
where x 

= qrf/8000 





Input =O dBmo 
900 Hz 


Input =O dBmo 
900 Hz 
Supplies: +5% 


OKI semiconductor 
MSM6913 


SERIAL PARALLEL CONVERTER 


GENERAL DESCRIPTION 


The MSM6913 is a serial-parallel converter LS! which is fabricated by OKI’s low power 
consumption CMOS silicon gate technology. The MSM6913 has 8 data signal input pins 
and 8 data signal output pins, and also has the row-column converting function to replace 
rows with columns on a matrix with 8 rows and 8 columns considering the 8 data signal 
pins as the row and the 8 bits, the depth of data, as the column. This function realizes the 
parallel-serial conversion to convert the input data with 8 cycles of 8-bit parallel data into 
8 output data of 8-bit serial data, and the serial-parallel conversion to convert 8 input data 
of 8-bit serial data into the output data with 8 cycles of 8-bit parallel data. 


The MSM6913 is also provided with functions to perform the parity check for 8-bit data 
input signal + parity bit and the parity generation for 8-bit data output signal. 


All data except that on the DG pin are synchronized with the clock. 9MHz clock can be 
used for its operation. 


FEATURES 

® Serial conversion for 8-bit parallel signal ® Built-in parity-generation circuit for data 
and parallel conversion for 8-bit serial output signal 
signal @ 5V single power supply 

@ 9MHz high-speed switching @ 24-pin plastic DIP package, 24-pin 

@ Built-in parity-check circuit for data ceramic DIP package 
input signal: 
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BLOCK DIAGRAM 


8 steps 
D-F/F x9 Shift Register 


Parity 
Generator 


O PER 


ae: | Parity 
Timing Generator 
Generator 





1 PIN CONFIGURATION 





(Top View) 


INo VpD 

IN, OUT, 
IN, OUT, 
IN. OUT, 
IN, 5 | OUT, 
IN, [6 | OUT, 
IN, OUT, 
IN, OUT, 
IN,[ 9 | OUT, 


CLR OUT, 
PER 


DG 
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‘PIN DESCRIPTION 


Pin Name | Pin No. | 
1~9 


IN, ~ INg 


_ 


- 
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Function 


1) Octet interleave serial HW input pin 
In this case, 8-bit data + parity (serial-parallel conversion) 
2) 8-bit data + parity parallel HW input pin 
Has the parity check function for input data and the output is 
the octet interleave serial (parallel-serial conversion). 


Corresponding to Items 1) and 2) of INx above. 


1) 8-bit data + parity parallel HW output pin 
In this case, the input is the octet interleave serial HW 
(serial-parallel conversion). 


2) Octet interleave serial HW output pin 
In this case, the input is the octet interleave parallel HW 
(parallel-serial conversion). 


Output pin of parity check result for input data of 8-bit data + 
parity parallel HW during parallel-serial conversion 


Input pin of specified data for odd and even number sides of 
parity generation circuit during serial-paralle! conversion 


Clock input pin 


Clear input pin 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Input voltage 


Operation 
temperature 





Ta =25°C 





Storage 7 : 
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Recomended Operating Conditions 


Parameter Symbol | min | Typ | Max Remark _ 


Supply voltage V 5V + 5% 
Vss Ew 
~ Operational T 70 °C 
temperature OP 


Input transit {INr 
time 
tINf 


Input voltage a V 


D.C. Characteristics 









Parameter 


Input current 


Output voltage 
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A.C. Characteristics 







(Vpp =5V+5% Ta =0°C ~ 70°C) 
Maximum clock VIH =3.0V 
Power supply = 
ES Ese Ss 
tPHL CL = 35 pF 
delay time | Vipn=3.0V ns 
Sears 
tPLH Vit =OV 
ae a i ee 
E pe f= 
om o{- [=] - 
E of - [= 
zs pe f= f= 
P= [= 
Output transit | Mie ns 
Minimum pulse 'CWL Seka ns 
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FUNCTION TABLE 


ih sae 
Hise ee fol 


Output 


Input 
Ds; 
Dso 
Ds3 


rhe Xth bit of OUT, depends on the number of “H’s at the Xth bit of D,, through D,7 and the 


a 


Note 1: 


The number of “H” at the 


The X bit of OUTg 


X bit of D,. ~ D,7 & DG 


2, 4, 6, 8 


0, 


3, 5, 7, 9 


1 


The Xth bit of PER depends on the number of “H”s of Do, through Dg,. 


Note 2: 


The X bit of PER 


The number of “H” 
of Dox ars Deg, & DG 





uw 


2, 4, 6, 8 


0, 


3). 3) Fe 9 


1 
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Sv-d- 


1b 





Cal 


t—T—]_ See Note 2. of |} 


Function Table 


[Dox | Dax | Dax | Dax | Dax | Dox | Pox | 7x | 
| 


| | — See Note 1 of -——-$—+ | 
10.5b >| Function Table 


HeyoD Bburwiy 
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OKI semiconductor 
MSM691 4 


HIGHWAY SWITCH CIRCUIT 





GENERAL DESCRIPTION 


The MSM6914 is a highway switch circuit LSI which is fabricated by OKI’s low power consumption 
CMOS silicon gate technology. ; 


The MSM6914 has 8 bits, in parallel, of 16 pins for digital data input lines and 4 pins for digital data 
output lines to be connected with any one of those input lines, forming the digital data switch matrix 
with 16 input lines x 4 output lines < 3 bits. The selection of output lines is performed by 4 bits of 
input control signals. 


All data perform clock-synchronized operations and the number of delay clocks between input and 
output can be set to any one of clocks 1, 3, and 4. It also has the function to expand the lattice size of 
switch matrix. In addition, it has functions to perform the parity check for ouput line control signals and 
the parity generation for output data and allows the 9-MHz operation. 


FEATURES 


@® 16 X 4 X Sbits switch matrix @® Built-in multi-input circuit for expanding lat- 
® Built-in parity-check circuit for input control tice size | 
signal @ 5-V single power supply 
@ Built-in parity-generation for data output © 120-pin ceramic PGA package 
signal 
BLOCK DIAGRAM 


' 6-1 Selector " : : | 
D-F/F D-F/F D-F/F 


3-1 Selector 


Control 
Circuit 


i=O~2) 


Generator 
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PIN CONFIGURATION AND CONNECTION 


Pin 
No. 


—s 


O;}Ol/OMOINI OT OA] RPI] ON 


Symbol 
Do10 
Do12 
Do14 
D100 
GND 
D101 
D103 
D105 
D107 
D109 
D111 
D113 
Vopb 
D115 
D201 
D203 
D204 
D206 
D208 


D210 


a c 
oO rr r oN Oo Qa oOo un 
Nn - + £2 £ 6 6 WW Wi oO oO 
>> FS GF F Sonne & & SG G D 
aloltua 
aloal-|]Z/ololwyw]/x]eJjo!Al-j]o 
>|>/>[ol>]>]a}la]o > iw 


O OJQOJOJOQJOJOJOJOJ OJOJEJOJOJO O 
OOO MOO0O0 BOO OV FOO 


 PABX:MSM6914 ¢ 


PTY1 ©) S31 
PTY2 75 CS ere =e $22 
MIN21 reat (30) ( ) Cre ae $20 
a ae0 = 5 | = MSE 
minor t9 Gre “Y) (58 ie S11 
MINoo S10 
SFM eto FLO QOL rea 
(NC) ae 25) () eS ae Sot 
ie C) %s) ts OC) =r 
0213 Cy.) CyYOQ) Se 
wo SpE AS Pom, 
Da10 QO Guide Pin aXe MO o008 
D208 oe O & BO Boon. 
D206 QO DODO DOOOOMOODOO@e@O Doos 
OOM ONO! OIOJOIO] OOO] @IONOO © 
| lalalBlslalalela|s/s 16) 8)8 18! |. (Bottom View) 
BAAS 2S 6 66 Bee 26-5 88-8 
eu Symbol ay Symbol ey Symbol a Symbol ell Symbol 
21 NC | 41. PER2 | 61° NGC. 101. CKe 
25 NC | 45. Vo 85 CKO | 105 £1 
26 SEL1 46 Eo 66 Doi3 86 SELo 106 E3 
27 MINot 67 Dois | 87 MINoo | 107 __ Sat 
28 MIN«i1 68 GND | 88 MINio | 108 Ses 
29 N.C 49 $32 69 D102 89 MIN20 | 109 $21 
30 MIN21 50 S30 70 D104 90 N.C 110 MSEL 
a1 ptva | 61 So a1 ptva | ttt Si 
32 PTYo 52 $20 72 D108 92 PTY 1 112 S10 
33 Y 23 53 MSEL 93 Yoo 113 So2 
39 Yo2 59 Doo1 79 D205 99 PER3 119 Doos 
40 Yoo 60 Doo3 80 D207 100 PER1 120 Doos 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter Symbol Unit 
Supply voltage Ta=25°C, Vgs=0 V- ie aetna A V 


VIN MAX Vpp + 0.5 
Input voltage Ta=25°C 


VIN MIN 


Operation temp. teers ets O0~ +70 °C 
Storage temp. TSTR Set —65 ~ +150 °C 






. Vgg- 0.5 


| 
Oo 
G 
+ 
“J 
oe) 
< 


Recomended Operating Conditions 


Parameter Symbol Max 


Supply voltage 


SS 


Unit Remark 


= 
G 


6 ; i 


SV+ 5% 


a =< 
a 
= 


Operational temp. 


“J 
oO 

° 
QO 


ee! 
Input transit time ns 
Input voltage ) V 


D.C. Characteristics 


(Vpp = 5V+5% Ta =0 ~ 70°C) 









Parameter 


Input current 


Output voltage 
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A.C. Characteristics 


Maximum clock 
frequency 


Power supply 
current 


Propagation 
delay time 


Data setup time 


Data hold time 


Output transit 
time 


Clock skew 












(Vpp =5V+45% Ta =0 ~ 70°C) 
Vin =3.0V 
cum | sae |e | = | | 
Y Xx 55 
mn 50 
| ns 
VIH =3.0V 
ve vu-ov [| [as 
un = [= 
VIH =OV 
a 
= = 
Sx, Ex,Px} tset 10 p= | - ns 
Te es 
fo [= [= 
in 2 [-|-_ 
= Vin =3.0V ns 
e | Wee [2 
tcyc 
ns 
tcyc 


Notes: Yxx: 
PERx: 
PTYx: 
Dxxx: 





YOO ~ YO3, Y10 ~ Y13, Y20 ~ Y23 

PERO ~ PER3 

PTYO ~PTY3 

DOOO ~ D015,D100 ~D115,D200 ~ D215 

SOO ~ S03, $10 ~ $13, $20 ~ $23,S30 ~ $33 
EO ~E3 

PO ~P3 

MINOO ~ MINO1, MIN10 ~ MIN11, MIN20 ~ MIN21 
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PIN DESCRIPTION 


Pin Name 


Dxxx 


MINxx 
Y XxX 


SXXX 


Ex 
Px 
PTYx 
PERx 
CKo 
CK1 
CK2 
SELx 
MSEL 
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Function 
Input pin of 16-highway (3 bits/1 highway) data 
After the latch at the CKo fall, output is made to any output data Yxx according to the 
control data. 
Input pin for multidata when expanding lattice size 


Output pin of 4-highway (3 bits/1 highway) data 


Input pin for path select data of 16 X 4 switch matrix (Capable of performing the 
9-MHz operation) 


Input pin of valid and invalid data in path select data 

Input pin of parity (odd number side) to be added to Sxx and Ex 

Parity check (odd number side) output pin for 3 bits/1 highway of Dxxx 
Parity check (odd number side) output pin of Sxx, Ex, and Px 

Latch clock of input highway data Dxxx 

Latch clock of Sxx, Ex, and Px 

Latch clock of MINxx input data 

Time lag setting pin from Dxxx input data to YXx output data 


Data to specify which Yxx output data is multiplied by MINxx input data 
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FUNCTION TABLE (1) 











x 

> @ 

o 
= 


: © Sor A I A eae i ae ae 
a oe a a 


—_ 
o & 2 
LU Lu ° 
ou ou z 
ol oe) Se abe el eg ° ThE 
FS g A A A A A A a a 
w oO 
(oo) - 


- (o>) (o>) - r 
8 & 8 5 5 





Note 3 


Output 
D206 
D206 
D207 
D207 
D208 
D208 
D209 
D209 
D210 
D211 
D211 

2 
D212 
D213 


6 
6 
7 
7 
8 
9 
111 
111 
112 
D112 
D113 


D105 
D10 
D10 
D10 
D10 
D10 
10 





7 
012 
13 


Yo2 
Doo 
Doo4 

Doos 
00 

01 
Do 


d Mi 


d MIN 
SEL1 |MSEL 


SELO 


nput 


S01 





eee eee aie select ee ee 


Oe © © 





Note 1 
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Re- 
1-clock 
delay 
inside 
of LSI 






o 

o| 7 main 
w) °o w ) 
_ (oe) - _ 
N he NN TTT ON N j 


TYO 





Note 3 


> ‘a 
-_— 
ae ou om" 





SEL1 


SELO 









X: don’t care alGuneetive of 1/0 condition 
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Note 1: Function Table (1) shows the case of selection of these input pins. 
Note 2: Numbers of “1” on Sxo ~ Sx3, Ex and Fx determines PERx 


The number of “1’’s 
Sxo ~ Sx3, Ex and Fx 
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FUNCTION TABLE (2) 


Input 


ne |v 


o7) 
U 
o 


x< 


X: Irrespective of 1/0 condition 


—h 


— 


awk 


BERBREEE 
BEEREEE 
BOB OB EE 






Soo | S10 | S20 | S30 | Eo Po 
SELo | SEL1 | MSEL | MIN10O Y11 
S23 | S33 | E3 MIN20 Y21 | Y22 


GE 
© — 
— B 
© 
ht 
= E 
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Note 4: These are determined as follows. 
1) Incase of MSEL =“0”. 
PTYo is determined by the numbers of “1” on MINoo ~ MIN20, while PTY1 is determined by 
the numbers of “1” on MINo1 ~ MINa21. 
PTY2 and PTYs3 are constantly “1”. 


Numbers on “1” of Numbers on “1” of 
MINoo ~ MINa1 MINoi ~ MINa2z1 
0,2 ! 


cs i ied 


“4 ad 





2) Incase of MSEL = “1”. 
PTYo and PTY1 are constantly “1”. 
PTY 2 is determined by the numbers of “1” on MINoo ~ MINz20, while PTY3 is determined by 
the numbers of “1” on MINo1 ~ MIN21. 


TIMING CHART 


(1) Incase of SELO =“1” and SEL1 =“1” 


CKO 

CK2 . 
moo TaLelelToletTels[wli[+[ «yi, 
sx Tels] se[s| «| =| s[s] &] ©] sol sn] sa 


cs 8 ii “4 ” “OQ” 





Exx 


SEL an x 
ex Tad[eeToTolel eto m> rl e~eloy | 
i re ee ie 


Note 1 
[Axso | Axsi [axse [axes] axse] Mo [mi [ <1] “1 [ Axsa]axsio 
“a |Axso} Axs1} Axs2] Axs3] Axsa] “1” | “1" | M2 | Ms | Axso] Axs1o} 


PERx Ts See Note 1 ofFunction Table (1) | 
PTYx See Note 3 of See Note 4 of See Note 3 of 


Function Table (1) Function Table (2) Function Table (1) 


Note 1: Axsnis the value when Dxxx is selected at Sxx=Sn. 
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(2) Incase of SELO =‘1” and SEL1 =“‘0” 


CKO 
CK1 
CK2 


Dxoo 
~Dx15 


Sxx © 


Ex 


MSEL 


Px 


MINxx 


YXO 
X1 


YX2 
X3 


PERx 


PTYx 


Note 1: 


SIUUULU UU UU UU Lue 
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PAP Be ct oteyrFL_EctTuH{ tif vy{ Kiet oy 
PalTsTs[s[s[s] |e] | [se] [se] 


“OQ” “4 ” 


“QO” 


“Q” 


“4 ” X 


TAe[[ eeT ce[ or] ey re] Ge[ we [ie [ve T we] th] we 


Note 1 


[axso] Asi] Ase sa] arsa] Mo | we [i [ase 


3b 


| Axso| axsi[ axse[axsa[axsa} “1” | “1” | Mo | M1 Jaxso 


| See Note 1 ofFunction Table (1) 
See Note 3 of See Note 4 of 


1b 


Ab Function Table (1) 


Axsn is the value when Dxxx is selected at Sxx=Sn. 


Function Table (2) 
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¢ PABX:MSM6914 ¢ : 
(3) Incase of SELO =“0” and SEL =“1” 


CKO | 

CK2 

D . 
~pxis LAE BT cT otetTr>T eT xT iT st «Pet ui] 
Sex | sol] si} se[ so] s+] ss] se sv] se] so] siof sii] siz] sia | 


“0” ‘ i . ony 
Ex . 1 2 


MSEL __ X #0? oy) X 
Px | Api] Be ce] pe | er] re] ce] He] i | ve] ke] te | Mp] Np. 
MINxx “ae | Mo | Mi | M2 | Ms _ re 


Note 1 
YxO 


1b 


PTYx See Note 3 of | See Note 4 of. 


5b Function Table (1) Function Table (2) 








Note 1: Axsnis the value when Dxxx is selected at Sxx=Sn. 
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OK I semiconductor 
MSM77C20 


DIGITAL SIGNAL PROCESSOR 


GENERAL DESCRIPTION 


The MSM77C20 is an LSI designed for the purpose of digital signal processing in the field of 
speech processing and telecommunications. 

Since this LSI is the one-chip microcomputer contained the ROM, RAM, ALU, and multiplier, it is 
applicable to different systems by re-writing contents of the program MASK ROM. 


FEATURES 

@ Instructioncycle : 250ns ® Input/Output 

@e InstructionROM : 512words X 23 bits Parallel Port 

e Data ROM : 512 words X 13 bits Serial Ports 

@e Data RAM : 128 words X 16 bits DMA transfer 

@ Multiplier : 16 bits < 16 bits CPU interface 8080 series 


= 31 bits 5 V single power supply 
3-micron CMOS 
28-pin ceramic DIP 


28-pin plastic DIP 


FUNCTIONAL BLOCK DIAGRAM 


INSTRUCTION 
ROM 


w 
Cc 
” 
> 
top] 


TaTIWuVvd 


SERIAL PORTS 
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PIN CONFIGURATION 


(Top View) 





PIN DESCRIPTION 


; 


WR Write 


Bi-directional port used to transfer data between the DR or 
SR register and the external data bus. 


Control signal to read out the data stored in the DR or SR 
register. When this signal and the CS or DACK signal 
become active-iow, the Do to D7 are put into the output state. 












Control signal to write external data into the DR register. 
When this signal and the CS or DACK signal become 
active-low, the Do to D7 are put into the input/output enable 





state. 

cs Chip select Used along with the RD or WR signal. When this signal 
becomes active-low, the Do to D7 are put into the 
input/output enable state. 

AO DR/SR Signal to select the DR or SR register when reading out the 
register select data. When this signal is set to “1” and the SR register to “O”, 
signal the DR register is selected. 

RST When this signal is set to “1” (at least 4 clocks should be 

input), the internal program counter, etc. are initialized. 

DACK DMA Control signal to transfer data between the DR register and 
acknowledge external units in the DMA mode, and input the signal 

indicating that the DMA cycle is permitted. 

DRQ DMA request O Signal to request the DMA transfer to external units when 





data is transferred in the DMA mode. 






Ports O and 1 hee 


General-purpose port output assigned to the SR register. 
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¢ SIGNAL PROCESSOR: MSM77C20 ¢ 
PIN DESCRIPTION (CONT.) 


INT Interrupt When this signal is changed from “0” to “1” (at least 8 clocks 
should be input) during the interruptible state (specified by 
the SR register), the program jumps to the interrupt address 
and the interrupt processing is executed. 

SI Serial input The serial data is input by being synchronized with the SCK 

= 2 clock rising edge. 

SIEN Serial input enable Signal to control whether or not to input the serial data. When 
this signal is set to “1”, the serial data is not stored. 

SO Serial output Tri- The serial data is output by being synchronized with the SCK 

state clock falling edge. 


SOEN Serial output enable “-Sigaal to contro! whether or not to output the serial data. 


When this signal is set to “1”, the SO is put into the 
high-impedance state. 


SORQ Serial output request 


SCK Serial clock 


INSTRUCTION 
INSTRUCTION FORMAT 


When data is set to the serial output register (SO register), 
this signal is put into “1”. When data with the specified 
number of bits (specified by the SR register) is output, this 
signal is put into “O”. 





Clock to synchronize the serial data. The serial data is input 
or output by being synchronized with this clock. 


Clock to operate this chip. 







Instruction Register 


| | rt st ft ot | | | | | I | 
22 21 20 19 18 17 16 15 14 13 12 11 











Instruction 












OP 
(Operation 
and Move) 


RET 
(Return) 






LDI 
(Immediate 
Data Load) 
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INSTRUCTION FIELD 
e ALU P-Port Selection Field (OP, RET) 


| PSEL 
Mnemonic . | Description 
20 19 
IDB Internal data bus (*1) 
M M register *1 Indicates the contents of 
registers specified in 


Note: These fields are effective only when ALU instructions are OR, AND, 
XOR, SUB, ADD, SBB, and ADC. 


@ ALU Operation Field (OP, RET) 


—_ 
oa 


Mnemonic | Description 
18 17 16 15 
NOP 0 0) 0 0 No operation 
OR 0 0 9) 1 (ACC) V (P) + (ACC) 
AND 0 o 1 0 (ACC) A(P) — (ACC) 
XOR 0 ©) 1 1 (ACC) *¥(P) — (ACC) 
SUB (ACC) — (P) — (ACC) 
ADD 0 1 0 1 (ACC) + (P) — (ACC) 
SBB 0 1 1 0 (ACC) — (P) — (C) — (ACC) 
ADC ) 1 1 1 (ACC) + (P) + (C) — (ACC) 
DEC 1 o) 6) 0) (ACC) — 1 — (ACC) 
Nc (ACO) +1 = (ACO) 
CMP 1 0 1 0 (ACC) — (ACC) 
SHR1 1 6) 1 1 
SHL1 1 1 6) @) 
SHL2 1 1 ) 1 
XCHG 1 1 1 1 


Note: P: ALU P-port input selected by PSEL fields 
: Carry flag of FLAG register that is not selected by ASEL bit. 
: OR. 
>. AND 
: Exclusive OR 


¢><0O 
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¢ SIGNAL PROCESSOR: MSM77C20 ¢ 
e Accumulator Selection Field (OP, RET) 


ASEL 


Mnemonic Description 


ACCA Accumulator A 


ACCB Accumulator B 


pereree 


@ DP Operation and Modify Field (OP, RET) 


DPL 
Mnemonic | Description 
13 12 
DPNOP )o 0 | No operation 
DPINC Increment DP, 
DPDEC Decrement DP, 
DPCLR Clear DP,_ ; 
Mnemonic Description 
11 10 9 
MO oo. 0) (DP6 DP5 DP4)¥(0 0 0) 
M1 0 0 1 (DP6 DP5 DP4) ¥(00 1) 
M2 O 1 0 (DP6 DP5 DP4) ¥ (0 1 0) 
M3 0 1 1 (DP6 DP5 DP4) ¥(0 1 1) 
M4 1 0 0 (DP6 DP5 DP4) + (1 0 0) 
M5 1 6) 1 (DP6 DP5 DP4) (1 0 1) 
M6 1 1 O (DP6 DP5 DP4)*¥(1 1 0) 
M7 1 1 1 (DP6 DP5 DP4) ¥(1 1 1) 


@® RP Decrement Field (OP, RET) 


RPDEC 
Mnemonic =| Description 
RPNOP Eee. No operation 
RPDEC Decrement RP 
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e Source Register Field (OP, RET) 





SRC 
Mnemonic Description 
7 6 5 4 
NON 6) 0 0) 6) No register 
A | 6) 0 6) 1 Accumulator A 
B 0 0 | 1 0 ' Accumulator B 
TR 0 0 1 1 TR register 
DP 0 1 0 @) DP register 
RP 0 1 1) 1 RP register 
RO 0 1 1 0 RO register 
SGN SGN register 
DR DR register 
DRNE DR register (*1) 
SR SR register 
SIM SI register (1st — MSB) (*2) 
SIL 1 1 0 ) SI register (1st — MSB) (*3) 
K 1 1 8) 1 K register 
L 1 1 1 0 L register 
MEM 1 1 1 1 RAM 


*1 Thecontents of DR register are output to the internal bus, however in the case of NON DMA 
mode, RQM flag is not set, and in the case of DMA mode, DRQ flag is not set. 


*2 The first bit of serial data (ex. 16 bit data) is output to the bit “15” of the internal bus, and the 
last bit to the bit “O”. 


*3 The first bit of serial data (ex. 16 bit data) is output to the bit “O” of the internal bus, and the 
last bit to the bit “15”. 
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@ Destination Register Field (OP, RET, LD!) 


Mnemonic 


@ NON 


@A 


@B 


@TR 


@ DP 


@ RP 


@ DR 


@SR 


@ SOL 


@ SOM 


@K 


@ KLR 


@ KLM 


@L 


@ NON 


@ MEM 


DST 





0 1 6) 0 
0 1 0 1 
1) 1 1 0 
0 1 1 1 
1 6) 0 6) 
1 0 1 0 
1 O 1 1 
1 0 1 0) 
1 1 0 1 
1 1 1 0 
1 1 1 1 


¢ SIGNAL PROCESSOR: MSM77C20 ¢ 


Description 


No register 
Accumulator A 
Accumulator B 
TR register 

DP register 

RP register 

DR register 

SR register 
SO register 
SO register (LSB — 1st) (*1) 
K register 

KLR (*3) 

KLM (*4) 

L register 

No register 


RAM 


*1 The serial data is output successively starting from the bit “O” of internal bus. 


*2 Theserial data is output successively starting from the bit “15” of internal bus. 


*3 The data on internal data bus is set to K register, and the output of RO register to L register. 


*4. Thecontents in the RAM address, specified by DP6=1 that is (1,DP5,DP4,DP3, DP2, DP1, 
DPo), set to K register, and the data on interna! data bus to L register. 


I-E-9 


@ SIGNAL PROCESSOR: MSM77C20 ¢ 





@ BRANCH Field (JUMP) 


BRANCH 


Mnemonic’ I I ; | Description 








JMP 1 0 0 0 0 0) ) 0 Unconditional 
CALL 1 0 1 0 0 0 0 6) Unconditional 
JNCA | O 1 0 0 0 ) 0 0 CA=0 
JCA O 1 0 O 0 0 O 1 CA=1 
JNCB 0 1 0 0 0 0 1 0 CB=0 
JCB oO 1 0 oOo oO oOo 1 1 CB=1 
JNZA 0 1 0 0 0 1 fo) 0 ZA=0 
JZA 0 1 0 o oO 1 0 1 ZA=1 

SNZB 0 1 fe) 0 0 1 1 0 ZB=0 
JZB 0 1 0 o Oo 1 1 1 ZB=1 
JNOVAO | O 1 0 0 1 0 0 0 OVAO=0 
JOVAO 0 1 0 o 1 ) 0 1 OVAO=1 
JNOVBO OVBO=0 
JOVBO OVBO=1 
JNOVA1 0 1 0 0 1 1 0 0 OVA1=0 
JOVAI 0 1 0 0 ; fA 0 1 OVA1=1 
JNOVB1 0 1 0 0 1 1 1 0 OVB1=0 
JOVB1 0 1 0 0 1 1 1 1 OVBi=1 
JNSAO | O 1 0 1 O e) ) 0 SAO=0 
JSAO 0 1 0 1 0 0 0 1 SAO=1 
JNSBO- 0 1 0 1 0 fo) 1 0 SBO=0 
JSBO 0 1 0 1 0 ) 1 1 SBO=1 
JNSA1 0 1 0 1 0 1 0 0 SA1=0 
JSA1 0 1 0 1 0 1 #20 1 SA1=1 
JSB1 0 1 0 4 “nO 1 1 1 SB1=1 
JDPLO 0 1 0 1 1 0 0 0 DP| = 
JDPLF Q 1 re 1 1 ) 0 i DP, =F (HEX) 











~ JNSIAK 





S| ACK=0 
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Mnemonic 


JSIAK 
JNSOAK 
JSOAK 


JNRQM 


~ JRQM 





BRANCH 


@ SIGNAL PROCESSOR: MSM77C20 ¢ 


Note: The values of BRANCH field except the ones listed in the Table shall be unusable. 


e@ JMPA Field (JUMP) 


JMPA field 
| | | | | 
12 11 10 #9Q 8 7 
0 0 oO oO O 0 
O O 0 O O O 
0 oO oO oO 0 oO 
1 1 1 1 1 
e ID Field (LDI) 
| | | | | | 
20 19 18 17 16 15 
O @) O O O O 
O O O 0) O @) 
O O O O O 0 


ID field 


| 
13 


0 


12 


0 


0 


11 


Description 
14 13 
1 1 SI ACK=1 
0 0 SO ACK=0 
SO ACK=1 
RQM=0 
1 1 RQM=1 
Jump address 


“O” address is specified as the jump address. 
“1” address is specified as the jump address. 


“2” address is specified as the jump address. 


“511” address is specified as the jump address. 


HEX 


¢) 6) 0 0 0 O ; 0000 
0 0 0 O 0 1 0001 


0 0) 0 0 1 0 0002 | 


1 1 1° 1 1° 1 FFFF 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Input Voltage VIN : —0.5 ~ Vec+0.5 V 


: GND Basis : 
Output Voltage VOUT —0.5 ~Vec+0.5 V 


Storage Temperature —65 ~ +150 °C 











OPERATING RANGE 
Parameter | Symbol | Min Typ | Max | Unit Remark 
Supply Voltage Vcec 4.75 pos | 525 | ov | 
Operating Temperature Top Ses eT eS 
High Input Voltage Vi V 
pas f= Vcec+0.3 | CLK 
Low Input Voltage VIL V 
) 03 | = 0.45 ; CLK 
DC CHARACTERISTICS 
(Voc =5V £5%, Ta =—10 ~ 70°C) 
CLK, SCK Capacitance anes pF 
Input Capacitance CIN p= [= | 10 | pF 
Output Capacitance P= | = | 20 | pF 
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AC CHARACTERISTICS 
(Vcc = 5V +5%, Ta =—10 ~ 70°C) 





CLK cycle time bCY ) = | 2000 | ns 
CLK pulse width p= fo, ns 
CLK rise time caine at p= | ns 
measurement 
CLK fall time aa . 3 0V ce | ns 
Ao, CS, and DACK setup to RD| taR P| ns 
Ao, CS and DACK hold after RD | tra P= fe ns 
RD pulse width Ptr pf ns 
Data access from RD| tap P| 150 ns 
Data bus float after RD | CL =100 pF | 10 | - | 100 ns 
Ao, CS, and DACK setup to WR| taw ee ns 
Ao, CS, and DACK hold after WRI twa po | - | - | ns 
WR pulse width tww | 250 | - | - | ns 
Data hold after WR | two Pt fe | ns 
RD and WR recovery time between controls ftw ff 80 | - |e ns 
DRQ output delay taM | q=toopr | - | - | 150 ns 
dt Ce | =p Te 
= cs a 
SORQ output delay Ftppa | OL=100pF | 30 | - | 150 ns 
——7 1 AH 
SO atg ser 20K joe} | | | | 
SO active after SCKT Ce 300 ns 
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Parameter Symbol Max 
SO active after SOEN} 18 
SO float after SOENT tHZE 
SO float after SCK] tuzsc 
SO float after SCK Tf ' 300 
(controlled by SORQ) © HZRQ 


SIEN and SI setup to SCKT 
SIEN and SI hold after SCKT 


Port output delay onl 


RST pulse width tRST 


4 oO 
2 N 
5 m 


INT pulse width 


Note 1: Voltage at AC timing measurement point 


Note 2: AC test input waveform 


(excluding CLK) 


2.4 
2.2 2.2 
0.45 0.8 0.8 
(CLK) 
3.5 
0.45 > 2 ae 


Note 3: Output HZ and DZ test load circuit 


2.5 V 
2k 


OUT 


ial 


Note 4: Voltages at HZ and DZ timing measurement points 
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—_ § 
Ol 
oO Oo 


Unit 


=} 
” 


ns 


ns 
ns 
ns 


ns 


gCY 


pCY 


TIMING DIAGRAM 


CLOCK 
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READ OPERATION 


Ao, CS, DACK 





WRITE OPERATION 


Ao, CS, DACK 


Do ~7 
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DMA OPERATION 
(8 bit Transfer Mode) 


DACK 


DRQ 





(16 bit Transfer Mode) 
top 
DACK 
tDACK 
tAM 
DRQ 
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SERIAL INPUT/OUTPUT TIMING 


SCK 


SORQ 


SOEN 


SIEN 


S| 


--- { x VALID ---- 


trsc trsc 





tscy + tscK tscK 


mF I~ He i 


_tes0 
tsoc 
a oe 


tHZSC 
| 





k— = 
tpzRaQ__ tpcK tHZE tpZSc eis 





tcD 


tcD 


pales 
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@ SIGNAL PROCESSOR: MSM77C20 ¢ 
PORT OUTPUT TIMING 
CLK 


tpp 


Po, P1 


RESET 


RST 


tRST 


INTERRUPT 


Mm) 





tINT 
READ/WRITE CYCLE TIMING 


CS, 2 ry An 


tRv 
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OKI semiconductor 
MSM6992 


HIGH PERFORMANCE DIGITAL SIGNAL PROCESSOR 


GENERAL DESCRIPTION 


The MSM6992 is a very high performance general purpose 22-bit floating-point digital signal 
processor (DSP). The MSM6992 is fabricated by using OKI’s low power consumption CMOS silicon 
gate technology. 

The MSM6992 is capable of high-speed execution of floating-point arithmetic operations (16-bit 
mantissa and 6-bit exponent part) and 16-bit fixed-point arithmetic operations. Devices will be 
available with 125nS & 100nS machine cycle time. 

The MSM6992 incorporates a 1K-word X 32-bit programmable ROM and two 128-word X 22 bit 
data RAMs that can alos be used as a Single page of 256 words. 

The program and data memories can both be expanded externally up to 64K words via dedicated data 
and address lines. 

The MSM6992 is capable of functioning in the master mode as a multiprocessor or in the slave mode 
as a microcomputer I/O processor, hence this device can be readily incorporated into large scale sys- 
tems with highly flexible system configurations. 

Major MSM6992 applications include analysis for speech recognition and speech 
analysis/synthesis in speech processing equipment, high speed modems, codec, and echo 
cancellers in communication equipment. This device can also be effectively used for meter control, 
robotics and in audio equipment. . 


FEATURES 
@ instruction cycle @ 64K-word program memory area 
100nS/125nS ® 64K-word data memory area 
® Arithmetic formats @ Multiprocessor interface 
Floating-point arithmetic 16E6 @ Microcomputer interface (8-bit & 16-bit) 
Fixed-point arithmetic 16-bit ® DMA controller connection capability 
Logical arithmetic 22-bit @ Maximum 15-bit shift function (left or right) 
@ Built-in 1K-word X 32-bit instruction RAM @ Double loop function 
(Also usable as data ROM) @ +5V power supply 
@ Built-in 1K-word X< 32-bit instruction ROM @ Low power consumption, 400 mW 
® 32-bit wide horizontal microinstruction ® 132-pin ceramic PGA package 
@ 2um silicon gate CMOS 


BLOCK DIAGRAM 


RD 


= 
D 


nee) 
an” 


ies) 
DD 
mx > 


fo) 
x 
[s) 


CONTROLLER 
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¢ SIGNAL PROCESSOR: MSM6992 ¢ : 


PIN CONFIGURATION 


OsO8O 


_ —_ ~~ 
—_ ~_ _ 


_ 
= 
Lt) 


(TOP VIEW) 


ab 
+0 
—_ 


— 
= 
ai 


Incorrect insertion 
prevention pin 


O30 


8 O 
OZOZOBSONORORORORORORNO 


O 
40 
O 
41 
O 
42 
O 
43 
oO 
44 
O 
45 
O 
46 
O 
47 
O 
48 
O 
49 
O 
50 
O 


‘i bh 
gOso0 
aOX 


BO 
nO 


nO 
2O 





INDEX 


PinNo. Pinname 1/0} PinNo. PinName 1/O | PinNo. Pinname 1/0 | PinNo. PinName_ 1/O 


1 DREQ O 34 D18 VO | 67 PD5 | 100 +A O 
2 PSAO 35 D15 0 | 68  PD3 101 PD28 l 
3 CLKO O 36 D13 VO | 69 PAO Oo | 102 PD25 
4 x 37 D10 vO | 70 PA1 O | 103  PD21 | 
5 IM 38 D8 VO} 71 PA4 O | 104 PDI7 
6 PD30 39 D5 VO | 72 PA6 O 105 = =PD15 
7 PD29 | 40 NC ~~ 73 PA8 O | 106 PD13 
8 GND ~ 41 D2 VO} 74 GND —~ | 107. PDIO | 
9 PD24 | 42 GND - 75 PA15 O 108  PD7 | 
10 PD22 | 43 A2 O 76 1PTO | 109 PD4 
11 PD19 | 44 VCC - 77 * 110 PDO | 
12 VCC ~ 45 AG O 78 x 111 PA2 O 
13 PD14 46 AT O 79 OFO Oo | 112  vcc - 
14 NC - 47 NC - 80 GND ~ 113 -PAQ O 
15 PD11 48 A12 O 81 D17 VO} 114 ~~ PAt1 O 
16 PD8 | 49 A14 O 82 D14 VO} 115 PA14 oO 
i PD6 | 50 RD VO | 83 D11 vO | 116  IPTT | 
18 GND — 51 BREQ O 84 VCC - 117. ~vcc ~ 
19 PD2 52 DACK 85 D7 VO} 118  OF1 O 
20 PD1 | 53 cs 86 D3 vo} 119 p19 1/0 
| 21 NC - 54 VCC - 87 DO vO | 120 DI16 1/0 
22 PA3 O 55 MCLKO 88 AO Oo | 121 D12 /O 
23 PAS O 56 RST | 89 A3 O 122 8D9 1/0 
24 PA7 O 57 PD31 90 A5 O | 123 D6 /O 
25 PA10 O 58 PD27 | 91 AQ O | 124 D4 /O 
26 PA12 O 59 PD26 92 A10 oO 125 D1 /O 
27 PA13 O 60 PD23 93 A13 O | 126 Al O 
28 IPT2 l 61 PD20 | 94 =sIF1 l 127 A4 O 
29 * 62 PD18 95. GND - 128 A8 Oo 
30 IFO | 63 PDi6é sid 96 BACK 129 AN O 
31 * 64 PD12 97 NC ~ 130 = A15 fe) 





Note: Pins marked by an * must be connected to ground. 
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@ SIGNAL PROCESSOR: MSM6992 ¢ 


PIN DESCRIPTION 


Pin symbol 
PA 1s ~ PAo 
PD31~PDo 
IM 

Ais ~ Ao 
D21~Do 
IPT 2, 1,0 

IF 1 ~IFo 
OF 1—~ OFo 
RD 
WR 

cs 
PSA1~PSAo 


1/0 


(3-state) 


1/0 
(3-state) 


(3-state) 


(3-state) 


Function 


Pregram memory address output pins 
® These pins address external program memory. 
® On reset this address goes to zero. 


Program memory data input pins 
® Input to external program memory data. 


Internal ROM selector input pin 

® This signal is used to select between internal or external program memory. 
for internal program mode IM=“1” 
for external program mode |IM=“0” 


Data memory address output pins 
® Designates the external data memory and external I/C addresses. 


Data memory data input/output pins 
@ Parallel input and output of external data memory, microprocessor, or I/O bus data. 


3-level interrupt input pins (active low) 

@ Interrupts accepted during the “sequence” operations. 

@ Interrupts are accepted if interrupt level is greater than interrupt priority set in control 
register and fixed address corresponding to interrupt level is passed to program 
memory address bus. 
Interrupt priorities are: IPT2 > IPT1 > IPTo 





Universal input flag pins 
® Inputs to set flag in IFR register. 


Universal output flag pins 
® Output of OFR latch. 


Read control input/output pin (active low) 


od a of external data memory and I/O device read control signals when in master 
mode. 


® Input of read control signals from the host MPU and other DSPs when in slave mode. 


Write control input/output pin (active low) 


® Output of external data memory and I/O device write control signals when in master 
mode. 


® input of write control signals from the host MPU and other DSPs when in slave mode. 


Chip select input pin (active low) 
® MSM6992 is in slave mode when this signal is active and the input/output data. 
Port (D2: ~ Do) is enabled. 


Port select address input pin 
® INR/OUTR ports connected to data input/output pins are selected according to the 
host MPU data bit length when MSM69972 is in slave mode. 







PSA1 | PSAO 
INR 21~16 INR 21~16 INR 21~0 
Gg OUTR21~16 P59? | ouTR21~16 7 P8? | ouTR21~0 702" Pe 
INR 15~8 INR 15~0 INR 21~0 
: ouTRi5~8~ >"? | ouTRis~o PP? | ouTR21~0 78?" 
INR 21~0 
INR 21~0 
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PIN DESCRIPTION (CONT.) 


Pin symbol 


lIORQ 


BREQ 


BACK 


DREQ 


DACK 
TA 


RST 


MCLKO,1 


CLKO 


Vcc 
GND 
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I/O 


O 
(3-state) 


Function 


1/O request output pin 

@ This signal indicates whether the write or read operation is with respect to external 
data memory or I/O device. 
I/O request when IORQ = “1” 
Data memory request when IORQ = “0” 


Bus request output pin (active low) 

® Signal to request external data bus. 

@ Access requests passed to external devices are invalid when this DSP is accessed 
by external MPU (CS = “0”). 


Bus acknowledge input pin (active low) 

® Signal to indicate that external data bus is available. 

© The DSP has access to bus if request signal is sent to external device (BREQ =“0”) 
and the BACK signal is active, that is, a full “hand shake” must take place. 





DMA request output pin (active low) 


® Data transfer request signal for data transfer between external memory and the DSP 
when in DMA mode. 

@ DREQ is reset after transfer of one word of data has been completed to maximize 
utilization of system bus. 





DMA acknowledge input pin (active low) 
@ Input signal indicating DMA cycle is enabled by external DMA control. 


Table data access indicator 
® TA =“1” when data is read from the program memory. 


Reset input pin (active low) 

® This signal initializes all internal states of DSP. 

®@ The reset signal must be applied for a period greater than one machine cycle. 

® |f reset input signal is applied for more than five machine cycles, internal clock 
synchronization is effected in addition to internal initialization. 


Master clock input pin 

® Master clock obtained by input of external clock (50 +10% duty) with Heguency. four 
times the machine cycle 

Internal system clock output pin 

+5V power supply pin 


Ground pin 


¢ SIGNAL PROCESSOR: MSM6992 ¢ 
ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Supply voltage —0.5 ~+7.0 V 

input voltage —0.5 ~Vcoct0.5 V 
GND Basis 

Output voltage VOUT —0.5 ~Voct0.5 V 

Storage temperature —65 ~ +150 °C 


Operating Range 


Operating temperature 
“H” input voltage 


“L” input voltage 


Capacitance 






















4 
Parameter xX 


M Unit 


CoutT 






— Input capacitance 


Output capacitance 20 


DC Characteristics 
(Voc =5V +5%, Ta=0~70°C) i | 
“output current ee ee 
Stand-by supply 
Surent Iccs | OSVISVCC 15 mA 


= 
oO 


LS 
Zz 
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AC Characteristics | 
® Clock Timing (Ta =O ~ 70°C, Vpp = 5V +5%) 



















=) ae 
; Voltage at 
toMr MCLK rise time timing 5 ns 
measurement 
; point 
tomf MCLK fall time = 0.8V & 2.2V 5s) ns 
tac CLKO cycle time Pe eat 125 po ns 
toH CLKO high level pulse width Pf Y= | ns 
tél CLKO low. level pulse width | st-20 = ns 
Voltage at 
tor CLKO rise time timing p= ns 
=e measurement 7 
tof CLKO fall time See = ns 
* 
| | : tRSTW RST pulse width epee ns 
AtdMC | 
T=tgC/4 * Refer to User’s Manual. | 


Note 1: AC test input waveform 
0.4V 


Note 2: Voltage at AC timing measurement point 
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External Instruction Operation 


Symbol 


'PAD 
(PAH 
'PDS 
'PDH* 
'TAD 
'TAH 


Parameter 
PA 1s ~ PAo output delay 
PA1s ~ PAohold after CLKO | 
PD31 ~ PDo set-up to CLKO] 


PDs: ~ PDohold after CLKO| 


nN | 
a e & 


TA Output delay 





TA hold after CLKO | 


Condition 


ns 


ns 


ns 


ns 


ns 


ns 


* When using MSM6992 at low speed, it is necessary to !atch memory output once to satisfy hold 


time. 


Write/Read Operation (Master mode) 


Symbol 
tAD 

_ TAH 
tWA 
tWRD 
tWRH 
tww 

_'DOD 
{DOH 
'RDD 
'RDH 
tRR 
DIS 
(DIH 
tOoQD 


tlOQH 








Parameter 
Ais ~ Aodelay 


Ais ~ Aohold after CLKO| 


Ais ~ Aohold after WR{ 
WR output delay 
WR hold after CLKO| 


WR pulse width 


D21~ Dooutput delay 






D21 ~ Dohold after CLKO] 


RD output delay CLKO| 






RD hold after CLKO| 


RD pulse width 


D21 ~ Doset-up to CLKO 


D21 ~ Dohold after CLKO] 


1ORQ output delay 


IORQ hold after CLKO | 





Condition 


Ci_=100pF 


Cy=100pF 


C, =100pF 


Cy_=100pF 


Min 


Typ 


ae 
NM} + 
oO} NM 
© 


ri ft a|= 

aw NO 

oO O N & od SC 
oO io) 


Unit 


ns 


ns 





ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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Read/Write Operation (Slave mode) 


Symbol | Parameter | 


Condition | Min | Typ | Max Unit 


ns 


tar CS, PSAo,1 setup to RD] 


a 
” 


tRA CS, PSAo,: hold after RD] 


ns 


O17 | NO 
Be 


tRR RD pulse width 


TI 


trp D21~ Doaccess from RD | C,=100p ns 


tpF D21 ~ Do float after RD] CL=100p 


7 


100 ns 
taw CS, PSAo,:setup toWR| _ ns 
twa CS, PSAo,: hold after WRI ns 


tww WR pulse width ns 


—s 

<= 
tow D21 ~ Dosetup to WR] C, =100pF sa ns 
twp D2: ~ Dohold after WR] C,_=100pF p= | ns - 
cs Sr 
= Pe[-[-|* 


T DMA Write/Read Operation 


Symbol Parameter Condition Min Max Unit 
/ 


tpRQ DREQ output delay (CLKO |) | 


taKQ DREQ output delay (DACK |) 8T+30 | ns 


To 
oe) 
> 
” 


ns 


ié) 


pare 
oO 


taKS DACK setup to CLKO] 
tAKH DACK hold after CLKO | , ns 


taKC DACK setup to RD/WR ns 


ns 


NO 


tCAK DACK hold after RD/WR 


trw RD/WR pulse width ns 


toc D21 ~ Dosetup to WRT CL=100pF ns 


NO 
8 


tcp D21 ~ Dohold after WR| Cy. =100pF ns 


® 
is 


trp - D21~ Doaccess from RD| C, =100pF ns 


tor D21 ~ Do float after RD{ C, =100pF 100 ns’ 


—_ 
O 
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BREQ & BACK Timing 


Symbol Parameter Condition Max Unit 


yp 
tBRQ BREQ output delay (CLKO |) 


oO 


ns 


8T+50 ns 


tBOK BREQ output delay (BACK |) 


tBKS BACK setup to CLKO | ns 


tBKH BACK hold after CLKO | ns 


tZDA Address enable delay (BACK |) 4T+60 | ns 
tpZA Address disable delay (BACK f) 4T+60 ns 


tZ7DB Data Bus enable delay (BACK ]) C, =100pF 5T+60 ns 


4T+60 ns 


=a | BR | = | BP 
o1o;o;] oOo 


— ie) 


tpZB Data Bus disable delay (BACK 1) C. =100pF 


Interrupt & Port Timing 


Symbol Parameter Condition Min Max Unit 


yp 


tips _ ITPo ~ ITPzsetup to CLKO| ns 


tiPH TTPo ~ ITPzhold after CLKO| ns 


tiFS IFo ~ IF1setup to CLKO| ns 


tlEH IFo ~IFiholdafterCLKO| ns 


ol 
oO 


tOFD OFo ~ OF 1 output delay ns 
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@ SIGNAL PROCESSOR: MSM6992 ¢ 





Note 3: Output HZ and DZ test load circuit 


2.5V 


2k 


200pF 


1 


Note 4: Voltages at HZ and DZ timing measurement points 





TIMING CHARTS 


Clock 


i ‘oMH tomft toMr 





MCLK1,0 | | ft 
'RSTS (RSTH [e+ toML 
'RSTW toMC 
RST 
CLKO 





est. 
T =F tac 
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| €xternal Instruction Operation 


CLKO ET 






tpps 


ot YK 


tTAD 


TA 


Write/Read Operation (Master mode) 


CLKO 





iIORQ 
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Read Operation (Slave mode) 


CS.PSAo, PSA: 


| 
a 


RD tAR tRA 


(DF 


eee >} 


CS.PSAo, PSA: ( 





22 bits Write Operation (Slave mode) 


CLKO 


CS.WR tcs tCH 


ee | 
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DMA Write/Read Operation BREQ & BACK Timing 


aA 
| 


CLKO 
DREQ 


taKS 


DACK 


tRW 
WR/RD 


D2:1~Do 
(DMA write data) 


Dz2i1~Do 
(DMAread data) ee eS ee SS <  »>-- -— q S—- ——-- 


BREQ & BACK Timing 


4T 


CLKO oP 
tBRQ 
_ ie 


tBKS tBKH 
BACK 
tpZA 
Ais~ Ao HZ me 
RD,WR wee nn enn nn eee 4 maa a 
IORQ 
tpZB 





HZ HZ 
a ne a ee 
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Interrupt Timing 


CLKO 
ips 


IPT, IPT 1, IPT2 


Port Input/Output Timing 


CLKO 


AT 


PH 


OFo, OF: — 
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. CELLULAR 
MOBILE PHONE 








i 






OKI semiconductor 
MSM6807/6817 


BASEBAND FILTER LSI FOR CELLULAR MOBILE TELEPHONE 





GENERAL DESCRIPTION 


The MSM6807 and MSM6817 perform the baseband filtering function for PM 
- transmitter/receiver in the cellular mobile telephone. 


Each of MSM6807 and MSM6817 consists of a voice band-pass filter, pre-emphasis and 
de-emphasis circuits, a deviation limitter, a splatter filter, a receiver volume control 
attenuator, and a muting circuit and is fabricated by OKI’s low power consumption CMOS 
silicon gate technology. 


MSM6807 realizes the baseband filtering function for AMPS (Advanced Mobile Phone 


Service) system, while MSM6817 can realize the baseband filtering function for TACS (Total 
Access Communications System) system. 


FEATURES 

@® Built-in mixing amplifier for transmit- @ Microcomputer interface serial control 
ting MODEM data and DTMF signals. data. 

® Built-in anti-aliasing filter and smooth- ® CMOS sillicon gate process. 
ing filter. | @ Power supply: +5V. 

@ Pre-emphasis, de-emphasis circuit on @ Low power consumption: 30 mW. 
chip. @ 32 pin plastic FLAT package. 
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PIN CONFIGURATION 


VDDA [1 | 
SGC | 2 | 
NC 
SG | 4 | 
DEMO | 5 | 
El| 6. 
EO 
TONE | 8 | 
REXT [9 
SPK | 10 | 
ALT [11 | 
PD 
STB 
CDAT | 14 | 
CCLK | 15 | 
MCK | 16, 


32 PIN Plastic Flat PKG 


VDD 
DG 
VOIC 
EMP 
TEXT 
Cl 
co 
CCH 
CCL 
| 23] TXS 
TXD 
DTMF 
| 20 | CLMP 
119 | MOD 


ria] Ac 


17] NC 


I-F-5 
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PIN DESCRIPTIONS 


TONE 


REXT 
SPK 


ALT 





PD 


Il-F-6 


a mT 


2 





Function 


Power supply pin for the analog circuit. 
+5V shall be applied. 


This is the voltage reference for SG and is obtained by 
two-equal resistors division between VDDA and AG. 

It is necessary to be AC grounded for AG via a bypass 
capacitor of more than 2.2 uF so as to keep SG silent. 


SG is built-in analog ground. 


This voltage is nearly oe V. 





To make its impedance lower, it is necessary to be AC 
grounded for AG via a bypass anes a more than 
2.2 pF. 


Demodulated signals input. 
The demodulated baseband signal input to DEMO can 
be sent out via ALT, SPK, REXT and El. 


Expandor Input. 

When the control data BO (refer to table 1) is logical 0, 
the transmitting circuit shall include the expandor 
portion of a 2:1 compandor. 

For every 1 dB change in input level to a 1:2 expandor, 
the change in output level is 2 dB. 

See Figure 6. 


Expandor Output. 
The signal input to EO has 20 dB gain between EO and 
SUM. Refer to description of pin 6 for details. 


This is an input to SUM (Summing Amplifier) in the 
received audio line. 


In an application, DTIMF SIDE TONE elena shall be 
injected. 


These are received analog outputs. 


The REXT, SPK and ALT are selective. One of three 
outputs is available at any one time. 


The ALT and SPK output level can be adjusted by the 
CDAT. See Table 1. 


Power Down function enable pin. 
A logical 0 enables the power down function: 
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Function 


Strobe signal. 

STB, CDAT and CCLK control the status of internal 
switches, and attenuation of output level through 
ALT, SPK. 

See Table 1 for an explanation of how these control 
signals shall be set at. 


Control Data. 
Refer to the description of pin 13 for details. 


Control Clock. 
Refer to the description of pin 13 for details. 


Master Clock. 
The MCK pin must be injected with a 1 MHz (+0.01%) 
input signal. 


Analog Ground. 
This pin should be common with DG at the point 
which is as close as possible to the system ground, 


Transmitting Modulated analog signals output. 
When the B1 bit of CDAT is logical 1, the input of 
SUM is connected to SG. 


LIM input. 
This pin should be connected to EMP through 
a Capacitor. 


These are inputs to SUM in the transmitting line. 


The internal circuit is as follows. 
DTMF TXD TXS 
©) 





These pins shall be connected with SG when these are 
not used. 


The value of R is about 70 kQQ. 


This is an input pin for Deviation Limitter cramp level 
(low level). When any reference voltage is not supplied 
to this pin, a built-in reference voltage (-.375V with 
respect to SG) will be supplied to the Limitter. 

In this case, it is necessary to be AC grounded for AG 
via a bypass capacitor. 


. In addition, the cramp level can be adjusted by 


supplying an external reference voltage. See Figure 5. 


i—/i 
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Pin Name 


CCH 


CO 


EMP 


VOIC 


DG 


VDD 
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Function 


This is an input pin for Deviation Limitter cramp level 
(high level). A built-in reference shows +.375V with 
respect to SG. 

Refer to the description about CCL. 


Compressor Output. 

When the control data BO (refer to Table 1) is logical 0, 
the receive circuit shall include the compressor portion 
of a 2:1 compandor. For every 2 dB change in input 
level to a 2:1 compressor, the change in output level is 
1 dB. | 
See Figure 6. 


Compressor Input. 
Refer to the description about pin 26 for details. 


Tone External. 
Transmit baseband signals input. 


_ As TEXT is biased internally to SG witha resistor (200 kQ2), 


the interface must be implemented by AC-coupling. 


Emphasis Output. | 
Refer to the description about pin 20. 





Transmitting baseband signals input. 
Refer to the description about pin 28 for detials. 


Digital Ground. 
This pin should be common with AG at the point 
which is as close as possible to the system ground. 


Power supply pin for the digital circuit. 
+5 V shall be supplied to this pin. 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter 
Power Supply 
Voltage 






Ta = +25°C 
With respect to 
AG or DG 


Analog input 
Voltage*? 






Digital Input 
Voltage*? 


Operating 
Temperature 


Storage 
Temperature 


*! TEXT, VOIC, DEMO, TONE, CLMP, TXS, TXD, DTMF 
*? CCLK, STB, CDAT, MCK, PD 


Recommended Operating Conditions 






Parameter 







With respect to 
AG or DG 


Power supply 
Voltage 





Operating 
Temperature 













Master Clock 
Frequency 





DC AND DIGITAL INTERFACE CHARACTERISTICS 
soon. oo Vop = SV +5%, Ta = -30 ~ 70°C 


Parameter Symbol Condition Note 


(standby) 


Dissipation Mipps | 


Input Leak NL 
Current 
1H 
VIL MCK 


Input Voltage PD 


VIH 





CCLK 
CDAT 
at | = 


ll-F-9 
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ANALOG INTERFACE CHARACTERISTICS 


Input §S4 KHz 


impedance 

Deviation Vcc. VppA=5 V +0.375 
Limitter With respect to 

Cramp Level VccH | SG -0.375 





*! TEXT, VOIC, DEMO, EO, CO, TONE, CLMP 


Definitions of Units 


dBVrms 20*logV, where V denotes the root mean | 
square value of the signal voltage. 

dBVp : 20*logV, where V denotes the peak value 
of the signal voltage. 

Vp-p : Peak-peak value of the signal voltage. 


Ml-F-10 


VDDA. Vpp = BV +5%, Ta = -30 ~ 70°C 


/ \ rms 
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TRANSMIT CHARACTERISTICS (MOD) 
VDDA, VDD = SV £5%, Tg = -30 ~ 70°C 





VOIC/TEXT 
Standard Deviation ViTX -11.2 dBVrms 
Input Level Vo (MOD) 
=-8.2 dBVp 
MOD fi=1 kHz 
Standard Deviation -24 Siae: < 
Distortion | sw2e" 
MOD SW3="0" 
MAX Deviation VOTX dBVp 
Output Level Vi (VOIC) 
=0 dBVrms 
MOD fi=1 kHz 
Output Signal VSYM % 
Peak Ratio*! 
Vi (VOIC) nis 
TX-AUDIO be SW3="'0 
TX-AUDIO : 
MOD 
TX-AUDIO ; 
Figure 2 SW2=""1" 
MOD 0.3~3 kHz 
In-band Noise Level = CMESS filter p= fe. =02 
SW2="11" 
MOD 
Out-band Noise vedas Figure 4 
Level >! 





*1 MOD output signal (after DC cutting) 


100*(A/B-1) ; (%) 
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RECEIVE CHARACTERISTICS (ALT/SPK/REXT) 


Paurewer | Symbo 


ALT/SPK/REXT 
Standard Demodu- 


VDDA, Vpp = SV #5%, Ta = -30 ~ 70°C 









lation Output Level =-11.2 dBVrms 
——$——______—_ fi=1 kHz 
ALT/SPK/REXT ATT=0 dB 


Output Distortion 


ATT SW5=""1" 


Attenuation Step 


RX-AUDIO 
Overall Response 


ALT/SPK/REXT 
In-band Noise Level 





CMESS filter 
0.3 ~ 3.0 kHz 


ALT/SPK/REXT 
Out-band Noise Level 
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Absolute Gain (dB) 


-20 


-30 


0.1 


+30 dB/oct. J 
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Frequency (kHz) 


0,2 0.5 1 2 3 5 10 


-~30 dB/oct. 


Upper Limits: (1) below 60 Hz Less than -53 dB 


(2) 200 Hz -0.5 dB 
(3) 240 Hz +1.0 dB 
(4) 240~3500 Hz Flat 
(5) above 12 kHz ~52 dB 
Lower Limits: (1) 300 Hz -3 dB 
(2) 400 Hz -1 dB 
(3) 400~2200 Hz Flat 
(4) 3000 Hz -2.6 dB 


Figure 1 BPF Frequency Characteristics 
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TEN EINE TTT 
HAI ELUTE TTT 
Hieee| | AI ATVI ET TTT 
Ta ME 

HLT 


Absolute Gain (dB) 





10 100 K 10 100K 
Frequency (Hz) 
Upper limits: 200 to 3000 Hz : 6 dB/oct 


1 
2 3000 to 3500 Hz : Flat 


Lower limits: 1 400 to 2250 Hz : 2 dB below the upper limit line 
2 300 Hz : 4.5 dB below 400 Hz | 
3 2250 to 2500 Hz : Flat 
4 3000 Hz : 3 dB below 2500 Hz 


Figure 2 TX-AUDIO Overall Response 
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Absolute Gain (dB) 


Upper limits: 


Lower limits: 





NS) — 


hWOND — 
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ALT 
A TAT 
AU TU 
35 aBlocr | |||] 
AA LT 
AN ELT 
UNL LTT 


100 1K 10K 100K 


Frequency (Hz) 


240 to 3800 Hz : -6 dB/oct 
200 to 240 Hz_ : Fiat 


400 to 2250 Hz : 2 dB below the upper limit line 
360 to 400 Hz: Fiat 


300 Hz : 3 dB below 360 Hz 
3000 Hz : 4.5 dB below 2250 Hz 


Figure 3 RX-AUDIO Overall Response 
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Noise Output Level (dBVrms) 





i= 


Frequency (kHz) 





4 10 100 1000 2000 





* 
34 kHz | 
(MOD) -42 dBVrms 
ae Fi 52 dB 
-52 dBVrms 





Measuring | | 


Figure 4 Out-band Noise Output Level 
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Control Pin Specifications 


800 us typ 


ee ee er ee Ley 
(CCLK) 













i Output 
9 us MIN / change 
Strobe 9 ws MIN 
(STB) 

9 us MIN 
CONT data 
(CDAT) 


The CONT CLK (CCLK) is edge triggered. 











Symbol Switch Status 

BO COMPANDOR selection H: SW2= 1". L: SW2= ‘‘0"” 
SW5 = 1", SW5 = *‘0" 
B1 TX-AUDIO mute H: SW3= "1" L: SW3= "0" 
B2 RX-AUDIO mute H: SW4= "1" L: SW4= "0" 
B6 TEXT/VOIC selection H: SW1= "1", L: SW1= “0” ; 
B6, B7 ALT/SPK/REXT selection 
X: Irrespective of 1/0. 

ATT CONT Attenuation 

a [ee [ as) (8 

ofofo| 0 

of+[o| 8 

ofa fi} 7s 

1 | o | o- 10 

pp ofa 12.5 

ttato} 

1 Se te | Me Table 1 
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Internal Reference Voltage 


CCL = VDDA/2 - 0.375 (V) 
CCH = VDDA/2 + 0.375 (V) 


External Reference Voltage 


CC L Vref- 
CCH Vref 


Figure 5 Deviation Limitter 


nen 
NO wow OO FH Of = 


Figure 6 Compandor 
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Signetic | 


COMPANDORICO 
SA571D sa 
















“a cle] Jc13 
11,12 
C21; C6 
“~— es c9 
5 VDDA VDD Ena 
SGC DG 
3 Oh 
q| (NC) Wyle log, | 
c14 5| 8° Be 
or DEMO TEXT 
26 | 
eae a| EO 6807/6817 CO Oo 
oes EH 91 ext cou 24h FO 
, re 10 23 C16] Lo 
ae, - C3 "1 (yee ill on ees 
12 DTME 21 | Ci8 
e ©) 
a 13 Eee 
BO CLMP 
. See the CDATO Us. HO) es cle ©) 
Table 1 | Corncs 15 fess 
1MHzQ ie ae 
C1 0.1 uF 0.022 uF 
C2 0.1 uF C14 0.022 uF 
C3 0.1 uF 0.022 uF 5 S 
C4 0.022 uF C16 0.022 uF 
C5 0.022 uF 0.022 uF 
C6 C18 0.022 uF 
C7 0.01 wr C19 0.022 uF 
c8 0.01 pF 0.1 uF 
C10 0.022uF | | 
C11 0.022uF | 
C12 0.022 uF | Figure 7 Application 
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OKI semiconductor 
MSM6808/6818 


SPLIT FILTER LS! FOR MODEM FUNCTION IN THE CELLULAR 
MOBILE PHONE | 


GENERAL DESCRIPTION 


The MSM6808 and MSM6818 perform the split filtering functions in the modem part 
of the cellular mobile phone. 


Each of the MSM6808 and MSM6818 consists of a Received Wide Band Data (RWBD) 
detecter, a MODEM DATA Signal (MODEM DATA) transmitter, a Supervisary Audio Tone 
(SAT) receiver, a SAT transmitter, and a DTMF signal transmitter and is fabricated by 
OKI’s low power consumption CMOS silicon gate technology. 


In combination with the MSM74017, MSM6808 can realize a 10K bps SPL modem for 


AMPS (Advanced Mobile Phone Service) system. MSM6818 can realize a 8K bps SPL modem 
for TACS (Total Access Communications System) system in combination with MSM74017. 





FEATURES 

@ Built-in timing re-generating circuit for @ Received signal level comparator for 
received data. diversity system. 

@ Built-in Switched Capaciter Filters for ® Microcomputer interface serial control 
SAT and MODEM data. data. | 

@ Built-in Anti-Aliasing filters and Smooth- @® Power supply: +5 V. 
ing Filters. @ Low power consumption: 40 mW (typ). 

@ DTMF generator circuit on chip. @ 44-pin plastic FLAT package. 
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BLOCK DIAGRAM 





RSIA 
RSIB 


RSIC 
RSID 


CCL 


CCH 
RWBD 


60K 


C5 
R2 


DSAT 


METD 


TSAT 





SWw2 LPF 
C) 44 
> bo” 
® LEVEL a 
& COMP 1 
() 
C) 
O LIM DATA TIMING DETECTOR 
CARRIER DETECTOR 
“i 
PHASE PHASE 
, SHIFT1 SHIFT2 cae 
( ) 


VTH 





DEMO 


DEM1 


RSIO 


R4 
C4 


R1 


DTS 


MRI 


R3 


C3 


LOCK 
RSAT 


TXD 


TXS 


DTMF 


TONE 


CCLK 
STB1 
STB2 
CDAT 
MCK 
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PIN CONFIGURATION 


44 PIN Plastic Flat PKG 


STB1 R4 
CDAT DTS 
CCLK 20] CD 
STB2 | 37 19] MRI 
DG 118] PD 
VDDA VDD 
SG2 /16 | MCK 
SGC2 [.41| 115] AG 
RSIC 14] TXS 
RSID DTMF 
RSIA [44 72] TXD 
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PIN DESCRIPTION 


Function 


/ 


O 


Pin Name 


RSIO 


RSIB 


LOCK 


C3 


DEMB 
DEMA 
DEMO 
DEM1 


TSAT 


METD 
TONE 


TXD 


DTMF 


= 
NO 


—__ 
OO 


Received signal Strength Output. 
The larger DC level applied to RSIA and RSIB is put 
out of RSIO. 


Received signal Strength Input (B). 
DC levels are applied to RSIA and RSIB pins. 


SAT (Supervisory Audio Tone) Lock. 

The LOCK determines whether RSAT (Received SAT) 
and TSAT (Transmitting SAT) are synchronized or not. 
The LOCK is set at logical 1, when the phase of DSAT 
exceeds +270° compared with that of the RSAT signal. 


Form LPF by connecting a resistor and a capacitor 
between R3 and C3. 
See Figure 7. 


Demodulated signal input (B). 
The DEMB pin is enabled if RSIC<RSID. 


Demodulated signal input (A). 
The DEMA pin is enabled if RSIC>RSID. 


Demodulated signal output (0). 

Connect this pin to DEMO of MSM6807 or MSM6817. 
Demodulated signal output (1). ; | | 
Connect this pin to RWBD. 


Transmitting SAT signal. 

The phase of TSAT should be more than +270° 
compared with that of the RSAT output signal. 
The TSAT signal is same as the DSAT signal. 


Transmitting Manchester Encoded Data. 
See Figure 5. 


DTMF SIDETONE output. 
Connect this pin to TONE of MSM6807 or MSM6817. 


Transmitting Data. 
Digital data applied to METD becomes sinusoidal wave 
signals coming through filters. 


Dual Tone Multi Frequency. | 
Each DTMF signal consists of two sinusoidal waves, 
one from a low group (697, 770, 852, 941 Hz) and the 
other from a high group (1209, 1336, 1477, 1633, 
2016 Hz). 


Wi-F-23 





_ @ CELLULAR PHONE -MSM6808/18 ¢ 


TXS 


AG 


MCK 


VDD 


PD 


MRI 


] 


DTS 


R4 


7 
14 


17 


c 
a 
22 — 


Function 


The level has +6 dB/oct. pre-emphasis characteristics. 
CCLK, STB2 and CDAT control the frequency, selection 
of dual tone or single tone. 

See Table 2. 


Transmitting SAT. 
The digital signal input to TSAT becomes sinusoidal 
wave through a band limited filter. 


Analog Ground. 
This pin should be common with the DG at the point 
which is as close as possible to the system ground. 


Master Clock. 
Use a 1 MHz (40.01%) MCK. 


Power supply pin for the digital circuit. 
+5V shall be applied. 


Power Down function enable pin. 

The PD signal selects power on or off; logical 0 enables 

the power down mode. 

In the power down mode, transmitting function, SAT 
function and DTMF output function are suspended, 


Output for the Manchester Encoded data derived from 
RWBD input data. 
See Figure 5. 


Carrier Detection. 

The carrier detector detects dotting pattern 
(1010101010) input to the RWBD. 

When the frequency of input signal to MSM6808 is 
approx. 5 kHz, the CD of MSM6808 becomes logical 0, 
while CD is logical 1 for any other frequencies. 

When the frequency of input signal to MSM6818 is 
approx. 4 kHz, the CD of MSM6818 becomes logical 

0, while CD is logical 1 for any other frequencies. 


Derived Timing Signal. 

Output for the timing clock derived from the RWBD 
input data. 

When a 5 kHz data is input to the RWBD of 
MSM6808, a 10 kHz signal is obtained. 

When a 4 kHz data is input to the RWBD of MSM6818, 
a 8 kHz signal is obtained. 


DTS sensitivity adjustment. 
An external resistor R9 shall be connected between 
R4 and SG2. 
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Pin Name 1/O Function 


R1 DTS phase adjustment. 
An external resistor R8 shall be connected between 
R1 and SG2. 


DTS phase adjustment. 

If phase cannot be sufficiently adjusted, connect an 
external capacitor between C4 and R1. 

C4 pin shall be left open when it is not used. 


© 
+ 
NO N 





RWBD 25 Received Wide Band Data input pin. 
Received data and SAT signal are input to this pin. 


This pin shall be connected to DEM1 directly. 


NO 
Od 


An external resistor and capacitor shall be connected 
between CCL and CCH. 
See Figure 7. 


CCH 


NO 
~ 


CCL 


The 60K signal controls the center frequency of the 
BPF (RWBD block). 

According to the SAT frequency input to RWBD, the 
frequency of control signal input to the GOK pin 
changes as below. 


60K 







Normally the 60K control signal is made by the 
digital PLL. 






ok 
Loe) 


Received SAT. 

The RSAT output signal is applied to the external 
digital PLL. 

The phase of RSAT through the PLL exceeds +270°. 


RSAT 


- NO 
ok 


Received SAT signal phase adjustment. 
An external resistor R7 shall be connected between 
R2 and SG2. 


= Ss) 

NO 
- 

© 





Received SAT signal phase adjustment. 


C5 1 
An external capacitor C22 shall be connected between 
C5 and R2. 

DSAT Data SAT. 


The “PHASE COMP2” judges the difference of the 

phase between RSAT and DSAT. 

The phase of DSAT (equals to TSAT) should be exceeded 
+270° compared with RSAT. | 

In other cases, RSAT and TSAT is not locked. 

See ‘‘BLOCK DIAGRAM”. 


| os] oe 
NO 
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Pin Name | Pin No. 1/O Function 
R3 pos fH Refer to the description of pin 4. 
STB1 34 Strobe 1. 
: Refer to the description of CDAT. 
CDAT 35 Serial Control Data. 
The CDAT and STB1 signal control the internal switches. 
DTMF frequency is selected by CDAT and STB2. 
See Table 1. 
CCLK 36 Control timing clock. 
See Table 1. 
STB2 37 Strobe 2. 
Refer to the description of CDAT. 
DG 38 Digital Ground. 
This pin should be common with the AG at the point 
which is as close as possible to the system ground. 
la aa Power supply pin for the analog circuit. 


+5V shall be applied. 


= SG2 is built-in analog ground. 

Thi ; VDDA 

is voltage is nearly 5 V, so the analog line 
interface must be implemented by AC-coupling except 
in the case of connecting with MSM6807 (in case of 
MSM6808) or MSM6817 (in case of MSM6818). 
To make its impedance lower, it is necessary to be AC 
grounded for AG via a bypass capacitor of more than 
2.2 UF. | 


SGC2 Power This is voltage reference for SG and is obtained by 
two-equal resistors division among VDDA and AG. 
It is necessary to be AC grounded for AG via a bypass 
capacitor of more than 2.2 uF so as to keep SG2 silent. 





RSIC Received signal Strength input (C). 
The rectified signal of the RSIA input signal is applied 
to this pin through external LPF. 
See “APPLICATION”. 


RSID Received signal Strength input (D). 
Same as RSIC, the rectified signal of the RSIB is applied 
to this pin through LPF. 
The DC levels of RSIC and RSID determine the status of 
SW1, SW2. 
See Table 1. 


RSIA Received signal Strength input (A). 
| DC levels are applied to RSIA and RSIB. 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 





Power Supply Vpp 03 7 
Voltage VDDA 
Ta =+25°C 

es Input VIA With respect to -0.3 VODA V 

erage AG or DG ; 
Digital Input Vpp 
Voltage*? VID ~0.3 = +0.3 
Operating T 
Temperature op p 

C 

Storage 


*! DEMA, DEMB, RSIA, RSIB, RWBD 
*2 RSIC, RSID, RS10, DSAT, METD, TSAT, STB1, STB2, CDAT, MCK, CCLK 


Recommended Operating Conditions 


i ee 


DC AND DIGITAL INTERFACE CHARACTERISTICS 
VDDA, VDD = SV £5%, Ta = -30 ~ 70°C 


Parameter Symbol Typ Max Unit Note 
Power 
Dissipation A ees 


(standby) 


Input Leak NL Ms 


| pees 


Current ie vie Va5 mz MCK 
MA STB1 STB2 
VIL a 0.3 Vpp CCLK CDAT 
Input Voltage 
0.7 VoD Yoo 
Vor | tor=-tema | — | - Josvoo 
Output Voltage [Nee ee 
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ANALOG INTERFACE CHARACTER ISTICS 


*1 RSIC, RSID, RWBD, METD, TSAT, DSAT 


Definition of Units | 
dBVrms : 20*logV, where V denotes the root mean cine 
square value of the signal voltage. 
dBVp : 20*logV, where V denotes the peak value of peak 
of the signal voltage. 


Vp-p : Peak-peak value of the signal voltage. £\—- p-p 


VDDA,. VpDp = SV £5%, Ta = -30 ~ 70°C 










Parameter Note 


Input 
Impedance*! 





VDDA, Vob = SV +5%, Ta = -30 ~ 70°C. 


iit DEM, RSS! CHARACTERISTICS 








Parameter Symbol Condition 





DEMO. 
Output Level VODEMO Vi (DEM) -11.2 +3dB 
ag aaa =—14,.2 dBVrms 
DEM1 = 1kHz | 
Output Level | VopEM1 2.2 +12dB 
v cna 
San Level a RL2100K = 
: VORSIH =3.15V 3.15 


DEM1 LPF 


Oo 





At the point 
Cut-off FCDEM 2dB lower 
frequency 
DEM1 
Undesired Wave iar eae dBVrms 
Leakage 
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RWBD SAT 
VDDA, Vpp = BV #5%, Ta = -30 ~ 70°C 


Parameter Symbol Condition Min) Typ | Max, Unit Note 


DTS Output 2 (RWBD) = 2.3Vp-p é DTS 
Duty Ratio DRpTs = § kHz | 50] — | % | = kHz 


MSM6808 MSM6818 
FS ie 
CD1 | i 3.5k+100Hz ewer 
war Vi(RWB 
onto cea fe arena [arse =o |» 


FScp3 7 6.5k+100Hz 6.2k*100H2| — | 
pee hee 
Figure 5 cee ms 


R9= 102 

ee tg R8=175kQ ?1 Ms Figure 6 

elay Time C4 open 
fi=5970 Hz 

RSAT dBV- 
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TX-AUDIO (TXD/TXS/DTMF) CHARACTERISTICS 


Vit =OV, Vin =Vpp 
fi = 10 kHz (MSM6808) 


VDDA, Vpp = SV £5%, Ta = -30 ~ 70°C 


Z 
< 
xo) 


Unit Note 


METD 


Output Level VOTXD dBVp | Sw3= "1" 


fi= 8 kHz (MSM6818) 
square wave (50%) 


METD Frequency — | Vir=9V, Vin = Vpp eee 
Characteristics __ | square wave (50%) g 


Vit =9V, Vin =Vpp 


i 
© 
NO 





TXS 


Output Level VOTXS ~23,2 dBVrms | SW4=''1"" 


square wave (50%) 
fi = 6 kHz 





TSAT Frequency 
Characteristics 


L fl 
| 


Vir =9V,VIH = VoD ius 
square wave (50% g 
VOL1 fO = 697 Hz 


VOL2 


) 
941 


DTMF VOL4 
Output Level Vout {0 = 1209 Hz 


Sounder 


Output Level VOTONE f0 = 2016 Hz 


DTMF Side Tone V 697, 1633 Hz 
Output Level ODST Pair 

-DTMF Output a 
Frequency Error AFDTMF MEK Sd NINE 


—_ 
cO 
OO 


—_= 
oO 
££ 


—_ 
“J 
oO 


Emphasis | 
-16.7 7 
dBVrms eae 
MCK=1MHz 


sy 
1%) 
oO 


dBVrms | SW6="'1” 


j —_- 
N N) 
om fe) 





BVrms 


Q. 


a 
NO 


xe 


% so 


+ 
—_ 
oa 


TONE SW3=''0"’ 
Undesired Wave TXD/TXS/DTMF dBVrms | SW4="‘0" 
Leakage : SW5="'0"" 


Out-band Noise 
Level 


TX-AUDIO e: jj 
RX-AUDIO | IgOne 
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Relative Attenuation (dB) 


Relative Attenuation (dB) 
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Output Frequency (kHz) 





METD Frequency Characteristics (MSM6808) 


Output Frequency (kHz) 





METD Frequency Characteristic (MSM6818) 


Figure 1_ 
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Output Frequency (Hz) 


Relative Attenuation (dB) 





Figure 2 TSAT Frequency Characteristic 


Frequency (kHz) 


+20 


+10 


-10 


1 kHz Reference Relative Level (dB) 





Figure 3 DTMF Emphasis Characteristic 
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Noise Output Level (dBVrms) 


Frequency (kHz) 
4 10 100 1000 2000 





-52 dBVrms 


Measuring H 
bandwidth Ff toe fe anise — 


45 kHz 


Figure 4 Out-band Noise Output Level 


[=I 
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fj = 5 kHz, MSM6808 : 


f; = 4 kHz, MSM6818 


= 


Figure 5 CD 


- 100+5us (MSM6808) 100+5yus (MSM6808) 
125+5us (MSM6818) 125+5us (MSM6818) 


ol | 


Tus NAX Tus MAX 


|-- 0.5ys MAX 


DTS 


tg 


50+2.5us (MSM6808) 50+2.5us (MSM6808) 
62.5+2.5us (MSM6818) 62,5+2.5us (MSM6818) 


f; (RWBD) = 5 kHz (MSM6808) 


fj (RWBD) = 4 kHz (MSM6818) - 


Figure6 MRI/DTS 
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5us MAX 


tq: Variable 
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CONTROL PIN SPECIFICATIONS 


800us TYP 


—_ 


+—9Qus MIN L 
Qus MIN =| 5us MIN 


Note: The CCLK is edge triggered. 





ASIC, RSID —|_Control Data 





Input DC Level SW2 
a, | (QeMA,cemay insia,rsiey ff meee | 
a 
pt tt | 
L200. 
RSIC < RSID oo [ o | 
ee ae ee 
A, (DEMA, DEMB) (RSIA, RSIB) H | o | o | 


selection switch enable 





Control data | Bie Logic Low Level 
H: Logic High Level 
Switch status ‘‘0’, ‘71°’: Refer to the block 
diagram 
A, SAT transponder enable H: SW4= "1", L: SW4= "0" 
A, DTMEF transmission enable H: SW5= "1", L: SW5= "0" 
A, Side tone enable H: SW6= "1", L: SW6= "0". 


See the block diagram 
Table 1 
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800us TYP 
5us _| 7 _ MIN : “a a 
MIN 9 | 
us MIN 5us MIN 
| Qus MIN 










The CCLK is edge triggered. 











Low Tone 
Frequency 
(Hz) 


High Tone 
Frequency 
(Hz) 






Remarks 






> 





oO; oO; oO; © 


ot —_ 


~ 
~ 
=) 


N 
io) 
© | 
> 
“ 

it 
SW 





x x 


x 


lel*[[*[*fefef-fel-fef-fef-fef 2 


1 A, = H: Low 
tone on 
Las 
L: Low 
Farsrees ws 
tone on 
, x 1396 
aes L: High 
x 3 1477 tone on 
: pee 
ca 
el 


-|- 


Table 2 
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te— 
Signetic 
EO co 
COMPANDOR el See the Table 1 
eT, 
El] SAS71ID {cy ave o 
faa] mM 
BS oh 
©) © OOQOO0O 
C4 C5 
C24|c6 
F VDDA VDD 31 
E 
ha 
i 8 D 
6}; | MSM6807 st .622 
7 or | 30 
3|&° _msmesi7 29. OAT 
2 oe a) ee tar aies a : 
o©<+— REXT ry si 
C2 | 10. cei MSM6818 
STBO is 
See the CDATO fat 
Tabl 
able T | ecLkO | 








Symbol Value Symbol Value 


Symbol Value 


NO) 
NO 


C1 2 uF 0.022 uF C25 0.1 uF 

C2 C26 | 33 F | / 
C5 0.022 uF 0.022 uF R3 1k2 O. > 

C6 0.022 uF 330 ke 

ca | (0.01 uF 33 ko 


a 
N 
N 
N 
os 
re) 


C10 0.022 uF 3300 pF 
C11 0.022 uF 
C12 0.022 uF 


w 
oo 
fo) 
x 
re) 


2.2 F 
2 F 
2 1 MF 
2.2 F 


Figure 7 Application Circuit Il-F-37 


OKI semiconductor 
MSM74017 


MODULATOR/DEMODULATOR FOR MODEM FUNCTION 
IN THE CELLULAR MOBILE PHONE 





GENERAL DESCRIPTION 


The MSM74017 performs the modulator/demodulator functions in the modem part of 
the cellular mobile phone. 

The MSM74017 consists of digital PLL for Data Timing Signal (DTS), Received Audio 
Tone (RSAT) and shift register and is fabricated by OKI’s low power consumption CMOS 
silicon gate technology. 

The MSM74017 can configurate a 10K bps SPL modem for AMPS system in combination 
with MSM6808. A 8K bps SPL modem for TACS system can be configurated in combination 
with MSM6818. 


FEATURES 

@ Built-in DATA PLL to derive a phase @® Built-in Manchester Encoder. 
from DTS. @® TTL compatible digital interface. 

® Built-in SAT PLL to derive a phase @ Low power consumption: 20 mW (typ). 
from RSAT. @ 56-pin plastic package. 


@® Built-in Detector for MR! demodulation. 


Il-F-39 
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BLOCK DIAGRAM 


10 
SELA 448 ORT 


2 | , 44 
DTS 
T DATA PLL [>° y RTBR 
I 
0 = 


2 
MRI 9 
ver: $21] [conan | i wee 


SRT2 O62! 
C) O 


DCTL z 
24 
ny | tin a 


CDBR 618 
db CLK6 


MK12 © 1/2 y> eee 
ae > 93 db CLKT 
55 
MK6 
TXMK © TXCK 


OO 
s |e 





TNRD 
1 : ' 
RSAT © ce man >) SATO 
33 rae 
ScCco © SAT PLL — OQ SAT2 
SCC1 © ee ae RS10 
! 
SRA | 
L1 31 6 sro 
L2 
L4 64 4 PD 
ne 21,49 | 
L16 VDD 
7,35 aiD 
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PIN CONFIGURATION 


MSM74017GS-VK 


N 
a | 


|S | RS10 
|= | SRT2 


w 


[za] La 
P27] 8 


L16 
SRGC 


CLK4 
SRA 
SRT1 
VDD 
MRI 


DATA 
CDBR 
DCTL 
QD7 


NRZD 


£ 
aw 


£& 
~w 


ol oy}o on 
OT]] B]POT Ml — F/O 


44 | 
46 | 
El 
48 | 
49 | 
50 | 
[52 
53 | 
55 | 
56 | 


ol 
o 


RsT [=| 
DTS [v_ 


B 
: 
= 


56 pin FLAT package 
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PIN DESCRIPTION 


Zee 
mre 
m= 
ae 
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Function 


This is a Data Timing Signal input from MSM6808/6818. 
The input signal is output as the Received Timing (RT), 
after the S/N has been improved by a built-in Digital PLL. 


This input controls the bandwidth of the Digital PLL for 
Received Timing. 


WCBR = “‘1": narrow band width 
WCBR = “0”: wide band width 


Received Timing Signal. When DTS is nearly equal to 
10 kHz (AMPS) or 8 kHz (TACS), RT harmonizes with 
DTS. 

Refer to the description of DTS. 


This pin is the inverting output of RT, and is connected 
to SRT1 and SRT2 for demodulation clock. 


Manchester Received Input Signal (MRI) is demodulated 
by RTBR and is output as Non Return Zero Data (NRZD). 
See Figure 1. 


This pin controls the output of NRZD. 
Refer to the description about CDBR. 


This signal is Carrier Detection Data which is detected in 
MSM6808/6818. 
CDBR controls the output of NRZD with DCTL. 





Manchester Received Input Signal. See Figure 1. 


This pin should be connected to RTBR. 
RTBR is used for Demodulation Clock. 


Shift Register Data input. This shift register is a static 
clock serial shift register whose length may be programmed 
to be any number of bits between 1 and 32. 


This is a clock output, the frequency of which, is 1.5 MHz 
devided from MK6 or MK12. This may be used for Shift 
Register Clock. 
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Pin Name Pin No.| 1/0 Function 
SRGC fe] te Shift Register Clock input. 
L16 | 26} ot | Length Control inputs. The number of selected bit is equal 
to the sum of the subscripts of these enabled inputs plus 
L8 27 Ee one. 
«fel 
ape 
of ef 
SRO Shift Register Output. 
RSAT 32 Received Supervisory Audio Tone. 
This pin should be connected to RSAT of MSM6808/ 
6818. The signal is input into a buld-in Digital PLL for 
SAT so that the S/N is improved, and is output as SATO, 
SAT2, RS10. 
SCCO Eee SCCO and SCC1 are SAT Color Code. 
These signals determine the center frequency of the Digital 
SCC 1 34 PLL for SAT. 
1 [0 | 6030 He 
ee neal 
SAT2 39 The double frequency of SAT Signal is output. 
This may be used for discrimination of SAT frequencies. 
Refer to the description about RSAT. 
~ SATO 40 This is an output for transmitting SAT signal. 
Before this signal is input into DSAT of MSM6808/6818, 
the phase of the signal may be delayed by build-in Shift 
Register. 
SRT2 This pin should be tied to RTBR. SRT1 is used for the 
Demodulation Clock, same as SRT2. 
RS10 The output is ten times of the frequency of RSAT signal. 
When this signal is input to MSM6808/6818, it controls the 
center frequency of SAT and BPF to fit to RSAT signal. 
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= 
O 


Pin Name Function 

This pin is used for selecting the center frequency of 
built-in Digital PLL for DTS and used for selecting 
Transmitting Data Rate. | 


SELA = 1": 10 kHz (AMPS) 
SELA=“0": 8kHz (TACS) 


SELA 43 


METD Manchester Encoded Data output. 


See Figure 2. 
TXCK This is a clock output using for Transmitting Data. 
Refer to the description of SELA and Figure 2. 
TNRD Transmit NRZ Data. This input signale is modulated by 
an internal TXCK and is output as METD. 
See Figure 2. 


(ee) 


TXMK p52 fon This pin should be connected to CLKT. 

CLKT 53 The double frequency of TXCK is output. CLKT should 
be connected with TXMK. 

PD Power down function enable pin. Logical ‘‘O” enables the 
power down mode. 

MK6 Main Clock Input. One of MK6 and MK 12 should be 
input. When this pin is not used, it should be set to digital 
ait § Lie 

MK12 Main Clock Input. See the description of MK6. When this 
pin is not used, it should be set at digital ‘’0’’. 

GND re. Ground level: 0 V 

Pas f 

VDD [2t-) | Power Supply: +5V 

RST Pte | These pins are used for various tests. 

These pins should be usually connected to GND. 

oe 

ren |e 

we fet 


I-F-44 


¢ CELLULAR PHONE -MSM74017 ¢ 


Pin Name 1/0 Function 


TST7 44 These pins are used for various tests. 
These pins should be usually connected to GND. 
TST8 


OUT1 These pins are output pins for test. 


i 
i 
\ 


RT9B 
OUT2 





RD 
QD7 
DATA 
OUT3 37 


CHKA 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATING 


Power Supply Voltage Vpp Ta = 25°C )-05 | - | 47 | V 
Storage Temperature Tet ane Sees °C. 


OPERATING RANGE 


Parameter Symbol yp Unit 
Power Supply Voltage Vpp 
Operating Temperature ik © 


he 
< 


x 


RECOMMENDED OPERATING CONDITIONS 


Condition 


Parameter Symbol Unit 


ol 
° 
O 


yp a 


Power Supply Voltage Vpp 4.25 | 5.25 V 
. Operating Temperature 


*“1"" Input Voltage VIH Vppt0.3 


<i< 


“0” Input Voltage VIL 


I 
o|* 
ra) NO 


MASTER CLOCK 


4 


Parameter Symbol Condition Typ ax Unit 


Duty Ratio Fd % 
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DC CHARACTERISTICS 


(Vpp = SV + 5%, Ta = -40 +85°C) 


“1'’ Input Current WH Vi=Vpp Vpp = 5.25 V 
“0"' Input Current He V; = GND 


lp=-40HA Vpp=4.75 V 


1’ Output Voltage lo = -400 pA 


lob =2mA (re) 
lb =5mMA 


Standby Current lccs Vi = Vpp/GND Vpp = 5.25 V 
Operation Power | Vi =Vpp/GND Output pin open 
Supply Cullent CCO i~ YDD 


(*1) VoH: upper/CMOS4000 
lower/TTL74, 74LS 


“0O"’ Output Voltage 


< < 
alg " : elf 
- a 3 


VoL: upper/CMOS4000, TTL74LS 
lower/TTL74 


4,2 
2.4 


Typ 


Cc 
3 
+ 


= 
> 


< 


3 
> 


= 
> 


@ 
x 
< 
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AC CHARACTERISTICS 
(Vpp = SV +5%, T, = -40 +85°C) 











ss fRT1  DTS=10kHz, SELA = "1" oe 
fRTO  DTS= 8kHz,SELA="0" 
| €RTBR1 DTS = 10 kHz, SELA = ‘1 
RTBA fRTBRO DTS= 8kHz, SELA= "0" poietic: alle 
FASIO RGAT=6 KH rec: 
Output - f SAT2 taste sciaees 12 
Frequency f SATO ayer Dene 9 ia] 6 ce | ane 
fCLK4 
CLKT fit ~ kH 
SELA = "0" 16 : 
TXMK = 20 kHz 
f LDN1 noes aula 
PHDN, SELA= 1", WCBR = “1 9.993 = 10.007} kHz 
f LDW1 ee eae 
f LDNO re er 
DTS-RT | pripyg SELA= "0", WCBR = 1 7.993 = 8.007 | kHz 
PLL 
f 
I Capture - LDWO  SELA = "0", WCBR= "0" | 7.961 8.040 | kHz 
f HDWO 
Range 
f LSO en 
FHeo  SCCO= SCC1= “0 5952.4 p- 5988.01 Hz 
f 
ae SCCO = "1", SCC1 = "0" 5982.1 p- 6018:1| Hz 
RSAT-STO 
FLS2  scco= "0", scc1 = "1" > 6048.41 H 
f HS2 : - 


I-F-48. , 


¢ CELLULAR PHONE -MSM74017 ¢ 


en eee 


MRI 


SRT1 
SRT2 


RD 
NRZD 


Figure 1 MRI — NRZD Timing Chart 


c 
rs 
<= 
O 
D 
= 
E 
j= 
(a) 
- 
LJ 
= 
N 
2 
= 
2 
LL. 
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APPLICATION CIRCUIT 


MSM74017 


6 MHz 
* Refer to each specifications for undefined connections. 


scco 


wl 
Slo 
QO|2 
cls 
Oo, 
Si a 


T-TIMING 
R-NRZD 


scci 
SAT2 
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OKI ne ee ee 
MSM6960 


PLL FREQUENCY SYNTHESIZER LSI 





GENERAL DESCRIPTION 


The MSM6960 is a PLL frequency synthesizer LSI which is fabricated by OK I's low power 
consumption CMOS silicon gate technology. The MSM6960 consists of a 10-bit program- 
mable counter, 7-bit swallow counter, a reference frequency divider, phase detectors and 
charge pump. 

The MSM6960 can be combined with a 1 GHz band prescaler to configurate a directly 
divided frequency synthesizer. 


FEATURES 
@ Frequency synthesizer operating on a @ Two types of phase comparator output: 
pulse swallow method. Tristate (EO) and double end (EOU, 
@ Built-in reference frequency division EOD). 
factor selector. @ Unlocked phase detection output. 
@ Serial interface counter data. @ 24-pin mini-mold flat package. 


BLOCK DIAGRAM 


VDD GND 
pe Be nn 
3 Swallow Zz Programable 2 (5) 
Counter i Counter _ —_ | 
O Phase 
1 


Pump 


i 
(41) EOU 
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PIN CONFIGURATION 


(Top View) 24 lead plastic flat 


*NC: Left unconnected. 





ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


Power Supply 7 
Voltage VppD Ta=+25 C -0.3 


Input 
Voltage VIN 


ca 
eae mae 
Toei | Tor | | ao 
fomemewre | Tere || 
[vee [eons | 
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RECOMMENDED OPERATING CONDITIONS 


: STB, DATA, CLK, 
Me it See Sea 
tif STB, DATA, CLK, 
v,R, SEL 


DC CHARACTERISTICS 


(Vpp = 5V £10%, Ta = -40 ~ +85°C) 











Parameter 


Input Rise Time 


Input Fall Time 


(Vpp = SV £10%, Ta = -40 ~ +85°C) 
STB, DATA, CLK, 

High-level Input STB, DATA, CLK, 

Voltage VIH V,R, SEL 0.7xVDD = 

Low-level Ouput 2 

Input Leak ie 

Current Li 


Parameter Symbol Unit 


Low-level Input 


High-level Output 


< 





Output Leak 
Current LO 


AC CHARACTERISTICS 
(Vpp = 5V +10%, Tg = -40 ~ +85°C) 


Parameter Symbol Condition | Min Typ Max Unit 
. R-IN Vin = 1 Vp-p 
Operating 
sine wave 
: P-IN — PSC 
ee we Cy = 20 pF - [2 | - 
R-IN = 16 MHz, 
Supply Current P-IN = Fr te mA 
1 Vp-p 
Input Amplitude Vin -_ 7a VDD Vp-p 
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PIN DESCRIPTION 


Function 





P-IN 1 Programmable divider input pin. 

PO 2 Programmable divider output pin. 

DATA 17-bit shift register data input pin. 

LD Unlocked phase detection pin (lock detector); high when 
locked, pulse output when unlocked. 

EO <—z Phase detector output (tristate). 

V 7 Phase detector variable input; connected to PO when the 
LPF is of inverted type. 

R Phase detector reference input; a reference signal is input 
when the LPF is of inverted type. 

EOD Phase detector output (for external charge pump 
installation), N-ch open drain. 

EOU Phase detector output (for external charge pump 
installation, CMOS output. 

GND System ground. 

CLK 17-bit shift register clock input pin. 

STB 14 17-bit latch strobe input pin to specify the N-value. 

R-IN [ a Reference frequency divider input. 

SEL 17 Reference frequency division factor selector; division by 
1,024 when high, division by 512 when low. 

09/010 18 Reference frequency divider output. 

PSC Prescaler control output; high:+P, Lo:+(P+1) 

VDD Power supply pin (+5V) 
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Data Input Method: 


As the N-value for the programmable divider, 17-bit binary data is input to the shift 


register, starting with the most significant bit (MSB), which is finally latched by a strobe 
signal. 


The input data has positive logic. It is shifted on the leading edge of each clock pulse, 
is through when the strobe goes high, is latched on its trailing edge, and is held when it goes 
low. With the prescaler being set to +128/+129 (7-bit), the input data is directly acceptable 
if the total N-value is converted to binary. With a lower divider ratio, such as +64/+65 or 
+32/+33, the addition of dummy bytes is necessary. 


Input Timing 


Data 
Clock 


Strobe 





T, T, YT, 
T, ~T,: >10 ys 


Programmable Swallow counter, 
counter, 7-bits 10-bits 


Dummy Bit Handling: Ny¢g~No represent a calculated N-value (Ny¢: MSB). 
Dig ~Do represent input data (D;¢: MSB) to the MSM6960. 


+128/--129 Nis Nis Nag Nis Nie Nat Nio N Ns N 


© 
a 


N; N; N, Nz N, N, Ny 
(Nc dummy bits 


y 2 > & 4 y 
are required.) Di, D,s; Dy, Dy, Dy, Dy, Dy, D, Dz, D, D, D; D, Dz; D, Dy Dy 


2 2 Ni4 Nis Ni. N 11 Nio N, N, N; N, N, No 
+64/+65 
(One dummy / / vA 7 VA va Va v / he b i 2 ae fk 2 
ae aes Dis Di; Di, Dis D,, Di, Dio D, D, D, D, D, D, Dy 
required.) : 


+ Insert dummy bit 0. 


299/233 = Ni4 N13 Nw Naa N40 No Neg N-4 Ne Ns ' N3 N» Ny No 


(Two dummy bits LOL AAA AAA Kop + Y + oY 
arp required.) Dig Dys Dig Diz Diz Dy, Diy Dy D, D, D, Py Dy 


t Insert dummy bit 0. 
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Prescaler Connection 


+5V +5V 








In Out P-IN 


GND 








(PSC) MSM6960GS 





Modulus input 







PSC 


(Prescaler) 


@ The prescaler output and the programmable divider input (pin 1) are connected to each 
other by cutting the current flow with a capacitor. 

® Connect the prescaler modulus input pin and the MSM6960GS PSC output pin directly 
to each other, as they require DC coupling. 


PLL Polarity 


@ With an inverted low-pass filter LPF, connect phase detector input R (pin 8) to the 
reference signal and V (pin 7) to the programmable divider output if a mixer with a 
higher level of local oscillation than VCO is not available in the PLL loop or if direct 
division is desired. 

@ With a non-inverted LPF (such as a passive filter), interchange the R and V connections. 


External Charge Pump Installation 


@ CMOS output (pin 11) and N-ch open drain (pin 10) are eae to anon external 
installation of a charge pump. 

@ The charge pump supply voltage can ie raised 3V above MSM6960GS Vpp. 

@ An example of a circuit setup in which an external charge pump is configured by using 
P-ch and N-ch transistors (enhancement type) is shown at as follow. 


Vcc 


me P-ch 


EOU 
{1 . 


V N-ch | 1 N-ch 


Inside of MSM6960 ee External Charge Pump 
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TCXO 


at ss (ad or 42 L’’ 


VDD 


ee ae Pe 


MSM6960 GS 


¥ 
a 
O 
jaa] 
~_ 
WY 
=a 
ne 
O 
2 
I 
Lu 
72) 
. 
e) 
os 
a 
fe) 
O 
2 
O 
2 
O 
2 
Se) 
2 
O 
WY 
Q. 
fal 
a 
> 


2 Modulus 
Prescaler 
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R NC EOD EOQUGND 


O 


P-IN PO DATA NC LD EO Vv 


AVAILABLE SYSTEM FREQUENCY 


Channel Spacing 
fCH 

30 KHz System 

25 KHz System 

12.5 KHz System 






TCXO 
Frequency 


15.36 MHz 


12.8 MHz 


Ref. : 
Divider 
SEL Input 


(M*P +A) fey 


fveco 


M 





VCO Frequency Range 


Prescaler 


+128 /+ 129 
491.520 ~ 1300 MHz 
409.600 ~ 1300 MHz 


204.800 ~ 1300 MHz 


P/P+1 
+ 64/+65 
122.880 ~ 640 MHz 
102.400 ~ 640 MHz 
51,200 ~ 640 MHz 


Il-F-57 





OKI semiconductor 
MSM6252 


64 WORDS <X 4-BITS FIRST IN FIRST OUT MEMORY 


GENERAL DESCRIPTION 


The MSM6252RS is a 64-word x 4-bit first-in first-out memory using silicon gate CMOS 
technology. This memory is compatible with Fairchild 3341 MOS FIFO. 
Data input (shift in) and data output (shift out) operations may be executed asynchronously, and the 
memory can be easily extended in both bit and word directions. 


FEATURES 

@ Silicon gate CMOS technology @ Fairchild F3341 MOS FIFO compatibility 
@ 5V single power supply (No data reset function) 

® 6 MHz shift out/shift in rates @ TTL compatible input/output 

@ Low power consumption (150 mW max. when ®@ 16-pin plastic DIP 


operating at 6 MHz) 


CIRCUIT CONFIGURATION 


Data latch circuit 
Data latch circuit 
Data latch circuit 


ames 
~ =) 
3 = 
= oO 
= fe 
g c 
Cc Oo 
ro) {o) 
Oo 
“ 2 
a ” 

Do 
£ o 

x 


Register control circuit 
Output control circuit 
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PIN CONFIGURATION 


(NC) Voc 
INPUT READY 15] SHIFT OUT 
SHIFT IN OUTPUT READY 
Oo 
O1 
DATA IN OUTPUTS 
O2 
Os 
GND [8] 'g] MASTER RESET 





MASTER RESET 
Data output 
Data output 
Data output 
Data output 
OUTPUT READY 


SHIFT OUT 
8 GND | Power supply (OV) 16 Voc | Power supply (5V) 


An abbreviated format (M6252) is used to indicate the type name. 


NEO] oa!) Rl @O {NM 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter Symbol! 


| | 
On o) 
i |S 
si + | @Q 
— ~N ~ 
oi : 
vo) Oo 


Conditions 


Power Supply Voltage Vcc Respect to GND 


Input voltage VIN —0.5 ~ Voct0.5 





Output voltage VouT 


Storage temperature Tstg Ce 
Power dissipation Pd Ta = 25°C 


Recommended Operating Conditions 


Parameter Symbol po Min | Typ 
Supply Voltage Vcc 5.0 
Operating temperature Vop —40 +25 
“L” input voltage VIL — 


DC Characteristics 
(Vcc = 4.5V ~ 5.5V, Ta = —40°C ~ +85°C) 


“L” output voltage VOL lol =2mA 


—0.5 ~Vec+0.5 


ols 
Oo} x 


+ 
OO 
ol 


lIOH = —400nA 


“H” output voltage 


Input leak current ly OVSViIn<Vcc 


Load capacity CL= 0 
when operating at 6 
MHz 










Operating 
supply current - 'CCO 


< 
& lel s 
as 


Unit 


Unit 


°C 
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AC Characteristics 
(Voc =4.5V ~ 5.5V, Ta = —40°C ~ +85°C) 


1 30 ns 





Data set-up time in respect ; 

Data hold time in respect . 

Interval from-MR leading edge ' 

to SI leading edge MRS nS 
Delay time from SI leading | 

edge to IR trailing edge {IRL por fe 110 tS 
Delay time from SI trailing 

edge to IR leading edge {RH a 120 fs 
Delay time from SO leading _ 

edge to OR trailing edge {ORL 110 aS 
Delay time from SO trailing 

Delay time from SO trailing edge . | 

Data throughput time (fall through time) 3,7 | = | 5 | ys 
Delay time from MR trailing 

edge to OR trailing edge {MRORL pe f | 100 He 
Delay time from MR trailing 


Note: Load during measurement is CL = 20pF 
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DESCRIPTION OF OPERATION 


Data input 

The data input pins are Do thru Ds. When 
Input Ready (IR) is “tH”, the first word (word 0) is 
ready to accept data. 

Data then present at the data inputs is 
entered into the first word when the SHIFT IN 
(SI) is brought “H”. This causes IR to go “L”. 
That data remains in word O until S! is brought 
“L’”, and IR is kept at “L’. If no data is stored in 
word 1, and S! is brought ‘“‘L’”’, the word O data is 
transferred to word 1 and IR will go ‘“H” 
indicating that the device is ready to accept new 
data. 

If the FIFO is full, IR is kept at “L”. 


Data transfer 

Once data is entered into the word 1, the 
transfer of any full word to the adjacent 
(preceding) empty word is automatic, activated 
by an internal FIFO control. 

That is, while an empty word exists, data is 
filled up sequentially on the FIFO output side. 

tpT defines the time required for the first data 
to travel from the input to the output of a 
previously empty device. 
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Data output 

The data output pins are Qo thru Qs. When 
data is shifted through to word 63, OUTPUT 
READY (OR) goes “H”, indicating the presence 
of valid data. When SHIFT OUT (SO) is brought 
“H’”’, OR goes “L’’, and Oo thru Os maintains the 
previous data. 

When SO is brought “‘L’”, new data (stored in 
word 62) is shifted into word 63, then OUTPUT 
to Qo thru Qs, and OR goes ‘‘H”’. 

If the FIFO is empty, OR is kept at “L”, and Qo 
thru Qs are kept at the previous status. 

IR and OR may also be used as status 
signals indicating that the FIFO is completely full 
(IR stays “L” for at least tpt) or completely 
empty (OR stays “L” for at least tp7). 


Master reset 

When Master Reset (MR) goes “L”, the 
control logic is cleared. When MR returns ‘“‘H”, 
OR is kept at “L” and IR is kept at ‘‘H” if Slis “L’. 
Since output data (Qo thru Qs) is unaffected by 
MR, data on Qo thru Q3 should be considered 
valid only while OR is “H”’. 
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TIMING CHARTS 


1/fiN 1/fIN 


tSIL 


SHIFT IN 


INPUT READY 






ae / 


INPUT DATA q 


Uy, 


tiDS 


Fig. 1 Input timing 


SHIFT IN 


INPUT READY 





INPUT DATA Yh—stne.e vara MY] Ys 


Fig. 2 Input timing descripion diagram 


IR at “H” level indicates that data can be stored by the SI pulse. 

Data is stored in the first word. 

First word is full. 

Data is transferred from first to second word. 

First word reverted to ready status since data has been transferred from first to second 
word. 

IR remains at “L” since second word is full. . 

Note: SI pulse is disregarded while IR is “L”. (See Figure 4.) 





BSOO@OO 


® 


SHIFT OUT 


SHIFT IN 





INPUT READY 


Fig.3 tpt and tjpy specifications 


@) FIFO is already full. 
(2) Slis kept at “H”. 
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(2) 
SHIFT OUT a -— 

@ 

(§) 
SHIFT IN 
4 
i Cpt) 

INPUT READY 


Fig.4 Operation when SI and IR are both “H” 





@) FIFO is already full. 

(2) Vacancy is formed in the FIFO due to output of last word data by SO pulse. 
(3) Slis kept at “H”. 

(@) INPUT DATA is entered into first word immediately when IR goes ‘‘H”’. 

(5) First word data is transferred to second word when SI! is brought “L”’. 


1/fOUT 1/fouT— ‘ 


tSOH tSOL ~ 
SHIFT OUT 


t 
top(MIN) _, [7 fOD{MAX) 


OUTPUT DATA | | A-DATA WY) (| e-oara Wt); q ae a ; 


Fig.5 Output timing 


@) The A-, B-, and C-DATA data denotes the data in words 63, 62, and 61 in this timing. 
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2) 
SHIFT OUT 
OUTUT READY 
OUTPUT DATA 

Fig.6 Output timing description diagram 

(4) SO at“H” level indicates that data output is possible by SO pulse. 
(2) Proceed to next step when SI becomes “H”. 
(3) OR goes “L”. : 
(@) Word 62 data (B) is transferred to word 63. 
Ga) OR goes ‘“‘H”, and new data (B) is output by the FIFO. 
If only a single item of data is stored in the FIFO, OR remains at “L’’, and no change occurs 


in the output (A-data). 


“SHIFT IN 


SHIFT OUT 





4) tOPH 
OUTPUT READY 


Fig.7 tp7 and topuH specifications 


@) FIFOis already empty. 
(2) SOis kept at “‘H”. 


SHIFT OUT a se ae 


Q @ ITITITTITITITT 
® 


OUTPUT DATA UM/MM|«éa 


OUTPUT READY 


Fig.8 Operation when SO and OR are both “H” 


Word 63 is empty. 

New data (A) reaches the output (word 63). 

OR goes “H” to indicate that new data has arrived. 

OR goes “‘L” immediately if SO remains at “H”. 

When OR goes “L”’, the output is changed immediately by the status of the OR dash line. 


OOOOO 
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MASTER RESET 


tMRIRH 


INPUT READY 


tMRORL 
OUTPUT READY 


tMRS 
SHIFT IN 


Fig.9 Master reset timing 
@) FIFO is full. 





CIRCUIT EXAMPLES (FIFO EXPANSION) 


INPUT READY | SHIFT OUT 
SHIFT IN OUTPUT READY 


DATA IN DATA OUT 


MASTER RESET o 


SHIFT OUT 


COMPOSITE 


INPUT READY COMPOSITE 
OUTPUT READY 


192 X 12 FIFO configuration example 


Note: The SO IR and OR — Sl line capacitance should be less than 20pF. 
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OKI semiconductor 
MSM6920RS/6945RS 


SINGLE CHIP DTMF DECODER 


GENERAL DESCRIPTION 


The MSM6920RS/6945RS are DTMF decoder LSIs which can decode 16 kinds of DTMF signals 
which consist of the combination of 4 high group frequency signals and 4 low group frequency 
signals. 

The MSM6920ORS is suitable for the application for End-to- Center equipment or PABX because it 
has filter characteristics to reduce the mistake in decoding. . 

The MSM6945RS is suitable for the application for End-to-End equipment because it has a wide © 
detective range. | 

The MSM6920RS/6945RS provide all necessary filtering, detector, timer and miscellaneous 
logics required to implement the system. 

The MSM6920RS/6945RS are fabricated by OKi’s advanced CMOS technology which realizes 
high reliability and low power consumption. 


FEATURES | 


@ Power supply: +12V and +5V ® Built-in echo control circuit (MSM6945RS 
@ Low power consumption: 80 mV (TYP) only) | 
@ Input signal level @ 3.58 MHzcrystal oscillation circuit on chip 
MSM6920RS: —5 ~ —32 dBm 6000/eachtone @ TTL compatible digital interface 
MSM6945RS: —5 ~ —48 dBm 6000/eachtone ®@ Signal present (SP) output capability 
® Built-in RC active pre-LPF e@ Tri-state output 
@ 3 kHz emphasizing for prevention of the @ CMOSsilicon gate process 
voice error (MSM6920RS only) @ 28-pin plastic DIP package 
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BLOCK DIAGRAM 


VA 
SG2 VREF 
AG 


Vi Vo Vive 
R YR YTHYTH 


i=! 


MULTI- _{RECTIFI- 
CH/BPF (H) 
MULTI- 
CH/BPF (L) 


EXCLK (-»—____—____-7jJ 


X1 TIMING 


7+ oF , 


L\ OUTPUT 
CONTROL 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


- Parameter Symbol Rating Unit 


Analog Input Voltage *1 _ With respect —0.3 ~ Vat0.3 
anemia to AG or DG 





Power Supply Voltage 





Digital Input Voltage *2 —0.3 ~ Vp+0.3 
1 a 


Operating Temperature 


Storage Temperature 


*1 BW,AIN 
*2 MUTE, RS, CS, EXCLK, X1,O0C 


Recommended Operating Conditions 








Se Supply With respect to AG or DG V 
onage Vp 4.75 5.00 
Operating . 
Ri 
ela | - | - Ss - | a | | ke 
& Zs 
® Raeanens 
A om 
< 
aio | =) ce see ee 
= 
ns | 
ae oe P= [7 
| ens 


Refer to Application circuit (Figure 4) for external attached parts, 
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DC and Digital Interface Characteristics 
(VA = 12V+10%, Vp = 5V+5%, Ta = —30 ~ 70°C) 


Ieuan eat 7 | 14 
mA 


Power Supply Current 


Current *2 


Input Leakage a ae ev P= | = pA 
Input Voltage *1 
2.2 
V 
io = 0.36 mA ace 0.4 
Output Voltage *2 
i Oa oavo | — | vo 


| 
Output Leakage OLL MUTE ="H” G 


s|s|5] 
= 
> 


IOLH 


*1 MUTE, RS, CS, OC, (EXCLK) 
*2 SP, Do, Di, D2, D3 
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Analog Interface Characteristics 
(Va = 12V+10%, Vp = 5V+5%, Ta = —30 ~ 70°C) 





Input (AIN) fin <5 kHz 
Resistance VIN<+1 dBm MQ 
Leakage pA 
Input (AIN) Signal V 
Detection Level IN1 
For each tone dBm 
Input (AIN) Signal y | 
Non-detection Level IN2 
gone ei | BWLD | 2.4 
Frequency Group 
Deviation 
High 
BW is not connected 
Low 
Tone BWLR1 3.8 = 
Frequency he [enn 
Deviation 
; High 
% 
Low 
Tone BWLD2 
Frequency 
Deviation 
High 
BW = OV (AG) 
Low 
Tone BWLR2 ails 
Frequency | By [emze | 
Deviation 
: High 
Signal echo level ratio 1° Vsignal/Vecho “a — dB 
Signal Groud V vA 0.4 NA VA 40.1 V 
(SG2) Voltage SG2 9 2 


0 dBm = 0.775 Vrms 





| MSM6920 __. mee 


-G-16 





Band Split Filter Characteristics 
(VA = 12V+10%, VD = 5V+5%, Ta = —30 ~ 70°C) 


Relative 
Value to 
750 or 0 ~ 420 Hz 
1500 Hz 


Dial Tone Rejection 


Pass Band 
Low Gain 
Group Rejection 







Relative 
value to 
750 Hz 


1175 ~ 
1678 Hz 








Band Gain 


Pass Band 
High Gain 


Group Rejection 
Band Gain 





1678 Hz 


677 ~ 
967 Hz 


Relative 
value to 
1500 Hz 


677 ~ —2.5 Lacie 
967 Hz 


PRIN 
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Max Unit 


= 


_ 
o 


dB 


| 
N 
on A 


Above values can be defined and measured at the pin of BEL or BEH. 


rene 
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Relative Gain (dB) 


Relative Gain (dB) 


0.5K 1K 1.5K 2K J. 





*  +15dB 
0 S ‘ aceaarees 
3K 
i FREQ. (Hz) 
—20 
—30 - 
—40 
—50 = 
—60 
—70 
—-80 : 
Figure 1 Low Group Signal (BEL) 
| * m +15dB 
0.5K 1K 1.5K 2K STK 
0 ; 
- 3K 
FREQ. (Hz) 
—10 
—20 
—-30 
—40 
—50 
—60 
*MSM6220RFS has the voice 
emphasis features which improve 

~70 the talk-off characteristics. 
—80 


Figure 2 High Group Signal (BEH) 
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Signal Timing Characteristics 
(Va = 12V+10%, Vp =5V+5%, Ta = —-30 ~ 70°C) 


er [ot [stn os [To 
Signal Repetition Time 
Time to Receive 
Invalid Tone Duration 
Output Delay Time 1G 
Interdigit Pause 
Acceptable Drop Out 


SP Delay Time Tsp 


Output Continuation r 
Time O 


Output Trailing T 
Edge Delay D 





es Gp aro 
| 


[e, st 


| 

| 

DO ~D3 
OC=“Low” 


Figure 3 Timing Diagram 
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Hexa-Decimal Digital Output Truth Table 


Combinations of Input DTMF Signals 


Digital Output 


I 
alolexloteloj{Jrjojerlotertloj;ryi ori ote 
wv 
xr 
se] 
x 
wt 
sp] 


nN 
—_l 


High-Group 


Low-Group 


L/H 


Key 


Digital High Level 
Digital Low Level 


-o 
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PIN DESCRIPTIONS 


Pin Name 2 Function 
MUTE 1 3-state output control input. If MUTE = digital “High”, the outputs Do, D1, Da, 
Ds and SP are put in a high impedance state. If MUTE = digital “Low”, these 
outputs are activated. 

RS 2 Power-ON Reset control input. If RS = digital “Low”, the outputs Do, D:, De, 
Ds and SP are put in a high impedance state whether Mute = digital “Low” 
or “High”. 

Applying of this function is drawn in the following Application, Figure 5,6. 

VDe2 3 This is used for ‘“Power-ON Reset” function. 

Refer to Figure 5, 6. 

NC Non-Connection 

NC. Non-Connection 

BW If BW is connected to AG, “Tone Frequency Deviation Accept and Reject” 
range are set to Le fit for the PABX application. If BW is left opened, this 
device shows the characteristics that is fit for the End-to-Center 
application. In PABX application, the analog line interface circuit must be 
arranged according to Figure 8 to adjust the input DTMF signal level. 

NC Non-Connection 

AG Ground reference of VA. (Analog Ground) 

This pin should be common with DG at the System Ground point as close 
as possible. 

NC po Non-Connection 

NC Non-Connection 

SGe 11. | SG2is built-in analog signal ground. 

This voltage is nearly VA/2 volts, so the analog line inteface of AIN must be 
implemented by AC-coupling as shown in Figure 4. 

To make its impedance lower over wide frequency range, it is necessary to 
be AC grounded for AG via a bypass capacitor of more than 1 uF. 

SG1 12 This is voltage reference for SG2 and is obtained by two-equal resistors 
devision among VA and AG. If VA has some noise and ripples, it is 
necessary to be AC grounded for AG via a bypass capacitor of more than 
0.01 uF so as to keep SG2 silent. 

If the bypass capacitor is 0.01,yF, the rejection ratio at 500 Hz is kept more 
than 9 dB because of a high resistive impedance of SG1. 

AIN A DTMF signal input. For the interface with phone line, refer to Figure 4. 
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Pin Name [4 
° 
: 

EXCLK 
x1 19 
Xe2 20 
OC 21 
~ 
DG 23 
Do 24 
; 
D3 | 27 
VD: —628 
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Function 


Power supply pin for the analog circuit. 
A +12V supply is recommended. 


A High group signal output picked out from a DTMF signal by Band split 


filter. This pin is used for IC-Test only. 


A Low group signal output picked out from a DTMF signal by Band split 
filter. This pin is also used for IC-Test only. 


If an external 3.58 MHz clock is required to use, CS must be connected to 
digital “Low” in order to input the clock to EXCLK. 

When crystal controlled oscillator on chip is required, this pin must be con- 
nected to digital “High”. 





If required to use an external 3.58 MHz clock, CS must be connected to 
EXCLK. 

When crystal controlled oscillator on chip is required, this pin should be 
connected to digital “Low” or “High”. The interface condition of EXCLK is 
different from other digital inputs. Refer to Figure 7. 


Crystal Sense. X1 and X2 connect to a 3.579545 MHz crystal to generate a 
crystal locked clock for the chip. 

If required to use a external clock, X1 should be connected to digital “Low” 
or “High” and X2 should be left opened. 


Crystal Drive. Refer to pin 19 for details. 


The time length of digital outputs control input. If OC = digital “High”, the 


digital outputs DO, D1, D2, D3 and SP follow the DTMF signal in the time 
length. 

If OC = digital “Low”, DO, D1, D2, D3 and SP output the constant time 
length data regardless of the DTMF signal length. Refer to Figure 3. | 





DTMF signal present output. SP is used for scanning detection of the data 
outputs DO, D1, D2 and D3, and soon. 


Ground reference of VD1. (Digital Ground) 
This pin should be common with AG at the system Ground point as close 
as possible. 


Digital outputs with Hexa-decimal code. 
High output impedance is capable. 
Refer to “Digital Output Truth Table”. 


Power Supply pin for the digital circuit. 
A +5V supply is recommended. 





¢ OTHERS: MSM6920/45 ¢ 





APPLICATION NOTE 


CONT1 
wo DIGITAL 
7 OUTPUT 
t 
: 
a) 
~ 
7 m) 
Ry:RT a 
+ o) CONT2 
PHONE = 
LINE C a Re g 





Figure 4 Application Circuit 













DIGITAL 
OUTPUT: 
IMPEDANCE 








DIGITAL 
OUTPUT 
LENGTH 


Constant 


NOTICE 


1. Thecrystal should be wired at a close physical proximity to the device. 

2. High level signals should be avoided to route next to low level signals. 

3. Bypass capacitors put on VA, SG1 and SG2 should be as close to the device as possible. 

4. AGandDG should be connected at the point that is as close to the system ground as possible. 
5. Asforan application for PABX, refer to Figure 8. 
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© Power ON Reset Function 
If required “Power ON Reset” function that is used for neglecting the invalid output data 
immediately after Power ON, the following circuit may be of use. 


(28) VD1 @ 03(27) 
Ww) 


re, 
X) 


MSM6920RS/694 


Figure 5 


VD (VD2) 


Hi impedance / 
sp Rs () Low-impedance 
see Z Se i 


Do~3 | Active — state | 


Figure 6 





After Power ON, SP is hold at digital “Low” by the existence of resistor Rs during “T” seconds. 
Normal values of Rs, Rp and Cp are 100 kQ©,, 5 MO and 0.47 uF respectively. In this case, “T” will 
be 1.6 second approximately. In this case, the gate which receives output should be CMOS. 

Be careful to the fact that SP has not perfect Hi-output impedance by the existence of Rs even 
though MUTE is connected to digital “High” and other outputs are in the state of Hi-output 


impedance. | 


M-G-24 


—— ¢ OTHERS: MSM6920/45 ¢ 


@ External Oscillator Connection 
In case of using an external clock as a oscillation source, following circuit can be applied. 


External 
Oscillator 


i 


3.579545 MHz = DG 





Figure 7 


* TTL or High-Speed CMOS Gate with less than 50pF load capacitance 


@ Application for PABX (MSM6920RS) 
In PABX system, DTMF signal level is relatively high in comparison with the level of “End to 
Center’. In case of Application for PABX, the signal detection level range should be O ~ -20 dBm 
and the Non-detection level must be less than —35dBm. So, the application circuit in Figure 4 
cannot be applied. In this case following circuit can be applied. BW and OC should be connected 
to AG and DG respectively. Be careful to the position of R1. ii 


Ar Be 
600 0 | 3002 | 300 
10kQ | §.1k0} 5.1k0 Figure 8 








OKI semiconductor 
MSM6980-03 


32K-BIT/SEC ADPCM CODEC 





GENERAL DESCRIPTION 


The MSM6980-03 is a 32K-bit/sec ADPCM CODEC which is fabricated by OKI’s low 
power consumption CMOS silicon gate technology. 


The MSM6980-03 is used for highly efficient digital-to-digital converting of PCM voice 
data with the transmission rate of 32K-bit/sec. | 


When MSM6980-03 is applied as the transcoder together with the common 64K-bit/sec 
PCM voice CODEC, the transmission line come to have double data transmission data 
capability as MSM6980-03 can code the 64K-bit/sec PCM code into the 32K-bit/sec ADPCM 
code or can decode the ADPCM data into the PCM data without losing the quality of the 
voice, 


MSM6980-03 can be applied into various applications, like high speed data multiplexer 
used on a digital line, in the digital PBX or in the digital data terminal equipment. 


FEATURES 
® 9600 bps modem signal (CCITT V.29) @ Parallel and serial 1/O terminals. 
transmission” capability by OKI’s @ Serial data output is possible to be 
Original coding algorism. Wired-OR connection within 32 channel 
Asynchronous tandem connection; . for multiplexing. 
capability within 2-link. @ Serial 1/O can interface with wide range 
Synchronous tandem — connection; ~ of clock rate: 32 ~ 2048K bit/sec. 
capability regardless of link number. © Stabilized operation to the asynchronous 
@® Voice or tone signal transmission can interfacing timing signal and its jitter. 
be performed conforming to CCITT @ Low power consumption; 70 mW (TYP), 
G.721 (ADPCM) recommendation. _  @ Extenally clock for operation; 20 MHz 
@ Lower data transmission rate (24K ® 42 pin plastic DIP package. 
bit/sec) is capable in voice signal trans- *: ADPCM system standard was. 
mission. recommended in 1984 as CCITT 
@ wu-law and A-law selectable. G.721. In this standard, 9600 
@ ADPCM coding or decoding selectable. pbs modem transmission is not 


guaranteed. 
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FUNCTIONS 


The ADPCM CODEC LSI (MSM6980-03) can be used as a coder (conversion from PCM 
code to ADPCM code) or a decoder (conversion from ADPCM code to PCM code) by pin 
selection. 


Coder Function 


This function makes linear conversion to a PCM signal (8-bit code of 8 kHz sample) and 
then converts it to a 4-bit or 3-bit code signal by ADPCM coding. 


Refer to the coder function in the BLOCK DIAGRAM. 


(1) A serial (2 MHz—64 kHz) or parallel input signal is selected as a PCM input signal 
according to the IS/P pin setting. 


(2) An input signal of “-law or A-law PCM code is coded by ADPCM method according to 
the A/y pin setting. 


(3) 4-bit or 3-bit ADPCM coding is performed according to the 3BIT pin setting. 

(4) Serial (2 MHz—64 kHz in bit rate) or parallel ADPCM signal is output according to the 
C/D and 3BIT pin setting. 

(5) Input/output is made on receipt of an external input/output request signal. Input/ 


output is also made without fail on receipt of an input/output request signal which is 
pseudo-synchronized. 


(6). Output is multiplied by wired OR. 


Decoder Function 


This function performs ADPCM decoding process to a 4-bit or 3-bit ADPCM input signal 
and then converts the decoded signal to a PCM code signal. 


Refer to the decoder function in the BLOCK DIAGRAM. 


(1) A serial (2 MHz—32 kHz in bit rate) or parallel ADPCM input signal is selected accord- 
ing to the IS/P pin setting. 


(2) Decoding into PCM code is conducted by setting the 3BIT pin according to the selection 
of the type of and ADPCM input, either 4-bit or 3-bit. 


\ 
(3) u-law or A-law is selected for PCM code by the A/u pin setting. 


(4) Serial (2 MHz--64 kHz) or parallel PCM output signal is selected according to the 
C/D and 3BIT pin setting 


(5) Input/output is made on receipt of an external input/output request signal. Input/ 
output is also made without fail on receipt of an input/output request signal which is 
psuedo-synchronized. | | 
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PIN CONFIGURATION (TOP VIEW) 


42-pin Plastic DIP 


SOD 
SOCK 
BTST 
OSYNC 
Alu 

SADJ 
15/16 LV 
3BIT 
CODLB 
SIGI/O 


c/D 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings 


Parameter Symbol 


al 


Supply Voltage 


DD 


Input Voltage 


= 
Z 


Power Dissipation 





Storage Temperature Tstg 


Storage Humidity Hstg 


Operating Conditions 


Parameter Symbol 
Ambient Temperature 
Supply Voltage 


Ground 


Ta 
VDD 
GND 

Fo 
TF 


Clock Frequency 


InPut Rise or Fall Time 


TR, 


f i ; DC Electrical Characteristics 


Parameter Symbol 


Clock is not input 
to work, 
MCK, SICK, SOCK 
Other Input pins 


SOD, Io, =6.0 mA 


Quiescent Current 


Operating Supply Current 


Low Level Input Voltage 


. Vie 
High Level Input Voltage 


Vino 


Voli 


Low Level Output Voltage Other Output pins 


lo. = 1.6 mA 


loL = 1.6 mA 
IOH = 40 vA 
Vin = Vpp or GND 


VOL 


Low Level Output Voltage V 
High Level Output Voltage V 


Input Current 


= 
- 


OL 
OH 
Input Capacitance C; 


Output Load Capacitance 


GLOAD 
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PIN DESCRIPTION 


Pin Name | Pin No. Function 

These are bi-directional bus interface pins. PD15 is the MSB. 
Refer the specification to Table 1 and 2, and refer the timing in 

PDO ~ PD15 the Figure 1 and 3. During RST or OSYNC is being held on digital 
“*0’’, all of PDO ~ PD15 become at digital ‘’1’’ state with output 
impedance of more than 100 kQ. 

SID Serial data input pin. The bit length should be 4 or 8. 

| Refer to Figure 2. 

Input pin of a clock signal for serial input data. 

SICK The maximum clock rate is 2048 Kbps and should be more than 

| total data bit number. Refer to Figure 2. 

ISYNC 8 kHz synchronizing pulse signal input pin. This is used for 
reading the parallel or serial input data. 

MCK La | System clock input pin. The clock frequency should be 20 MHz. 

PBS 15 Chip test pin. Normally, PBS should be connected to digital ‘’0’’. 
Reset signal input pin. When MSM6980-03 is powered on, ‘’L’’ 
level reset signal has to be applied to this pin. In the case of data 
comparison test, RST should be input according to Figure 6 RST 

RST Timing Chart in order to make the first output data valid. 
During RST is held on digital ‘‘0”, all of PDO through 15 become 
digital ‘‘1’’ state with output impedance of more than 100 kQ 
and SOD has a high output impedance. 

DATD Chip test pin. Normally, DATD should be open. 

POWD | 1B Chip test pin. Normally, POWD should be open. 
Supervisory signal output on internal function, i.e., Watch Dog | | 

WDT Timer. When MSM6980-03 is operating normally, WDT synchro- 
nized with ISYNC is output. Refer to Figure 5. 

EXTI Chip test pin. In normal operating modes, EXTI should be 
constantly set at digital ‘’1°’. 

GND L ae Ground pin. 

CKOUT Chip test pin. The clock pulse, the frequency of which is divided 

. by 4 of MCK, is output. Normally, it is 5 MHz. 

Data input format select pin. By inputting digital ‘“1’’ or “0’’ to 
1S/P, parallel or serial data input format is determined. 

1S/P Digital ‘’1’': Serial input 
Digital ‘‘0’’: Parallel input 
Refer to Table 1. 

CKRST Chip test pin. Normally, CKRST should be connected to 
digital ‘1°’. 
Operating mode select pin. The condition of C/D determines the 
operation of MSM6980-03, coding operation or decoding operation. 

C/D Digital ‘1’: Coding operation 
Digital ‘0’: Decoding operation 
Refer to Table 1. 
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Pin Name 


SIG 1/0 


CODLB 


3 BIT 


15/16 LV 


SADJ 
Alu 


OSYNC 
BTST 


SOCK 


SOD 


VDD 


W-G-32 


~J 


N) 
eo] 





Function 
Chip test 1/O pin. Normally, SIG I/O should be open. 
Chip test pin. Normally, CODLB should be connected to 
digital ‘‘0’’. 
ADPCM data bit length select pin. 
Digital ‘1: 3 bits | 
Digital ‘0’’: 4 bits Refer to Table 2. 
ADPCM data format select pin. 
Digital ‘’1": 15 levels without ‘‘0000” 
Digital ‘’O”’: 16 levels 
Chip test pin. Normally, SADJ should constantly set at digital ‘‘0’’. 


PCM code select pin. 

Digital ‘1°: Adaw 

Digital ‘‘0’’: y-law 

8 kHz synchronizing signal input pin to control the parallel or 
serial outputs. Refer to Figure 3 and 4. 


Chip test pin. Normally, BTST should be connected to digital ‘'1’’. 
Clock signal input pin to control the serial data output. 

Maximum data rate is 2.048 Mbps. 

Refer to Figure 4. 

Serial data output pin. The bit length can be 4 or 8. After the 
determined bit number has been output, SOD becomes the high 
output impedance terminal. Refer to Figure 4. 


+5 V power supply. 
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Table 1 Input/Output Setting Status Table 


Input Control Pins 
Operating 


Bi Bi 
ADPCM ee 7 
Decoder | os | 1 
ADPCM pel, 
Coder | os | (3) 1 
“1P: Parallel Format "2. Both P and S are output 


S: Serial Format 


Table 2 Parallel 1/O Application Table 


Input Output 


Coder Decoder 
MSB MSB MSB i 
me f 
PD15 ~ 12 ( LSB 
all Deal 
PD11~8 
LSB 
MSB 
PD7 ~ 4 
MSB MSB 
PD3 ~0 ( 
LSB 
LSB LSB eel 
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TIMING CHART 


300ns Min 


: 400ns Min 
Os Min 


Figure 1 Parallel Input 


more than T 


50ns Min Os 50ns Min 
Min 


Figure 2 Serial Input 





W-G-34 








¢ OTHERS: MSM6980 ¢ 


25 ws 


1 
300ns Min | 





OSYNC 





16 us Max 


{output oae | 


100ns Max 100ns Max 





PD15 ~ 0 


Figure 3 Parallel Output 


more than T 


Min | -——| 


clk XX Y 


100ns Max 100ns Max 


Figure 4 Serial Output 
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(1) Parallel Input 


WDT 


TYP 10~20us TYP ‘TYP 
200ns 800ns 400ns 


(2) Serial Input Coder Function 


WDT 


TYP 10~20us TYP TYP 
200ns 800ns 400ns 


(3) Serial Input Decoder Function 


i ceed | 


WDT 


TYP 10~20us TYP TYP 
200ns 800ns 400ns 





Figure 5 WDT 
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1 us Min 


30 us Min 


Figure 6 RST 
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APPLICATION NOTE 
1. AN INTRODUCTION TO THE MODEM 


These days reflect our so-called communication era, and the data processing industry has 
been growing at a tremendous rate, particularly in the area using the existing telephone 
networks. The modems are playing an important role as an interface to computer systems 
which communicate by a public or dedicated data transmission networks. Taking early 
notice of the significance of data communications, OKI has been engaged since many 
decades in the development and manufacturing of data communication-related equipments. 
This application note introduces and explains OKi’s latest development in this field, the 

CMOS Single-chip modem series, MSM6926, MSM6927, MSM6946, and MSM6947. Before 
~ entering details of this new series, let us first see what a modem is all about. 


1) What is a modem? 
2) Modem communication systems 


3) Modem types and modulation/demodulation methods 


1) What is a modem? 


Figure 1-1 shows a typical data communication system using modems. The basic role 
of a modem is to convert digital logic signals ‘’1’’ and ‘’0’’ into analog equivalent that can 
be passed through a telephone line, and vice versa. 


A data signal (digital signal) from a data terminal is once converted into an analog audio 
signal, and transmitted to the modem of a receiving terminal utilizing the public telephone 
network. At the receiving end, the analog audio signal thus received is then converted by 
its modem into a corresponding digital signal and conveyed to the receiving data terminal. 


In this way, two distant data terminals can communicate for the exchange of data by 
means of modems. 


The telephone line allows transmission of analog audio signals exclusively, but the digital 
data signal, as such, cannot be passed through. For this reason, modems are required as 
interface to existing analog transmission lines. 


Referring to Figure 1-1, modulation and demodulation means the conversion of digital 
signals into analog and vice-versa, and will be detailed in the chapter ““MODES TYPES 
AND MODULATION/DEMODULATION METHODS”. The duplexer transmits a signal 
to the telephone line or receives it from the telephone line, and is not designed to receive 
a previously transmitted signal. Usually, it uses a hybrid transformer or hybrid resistor 
circuit consisting of two operational amplifiers, resistors and a line transformer. 


2) Modem communication systems 


The modem communication systems are largely divided into modes of operation. One 
is called the full duplex system, and the other the half-duplex system. The telephone line is 
a balanced two-wire circuit, and usually is called the 2-Wire (2W) line. The full-duplex 
and half-duplex are terms which conform to the common use of this 2-Wire line. 


a) 4-Wire full-duplex communication 


The 4-Wire full-duplex communication is another widely practiced method in which 
two dedicated telephone lines are used for transmission and reception, respectively. 
This method provides transmission and reception simultaneously, but requires two 
telephone lines. . 


IV-3 


¢ APPLICATION NOTE ¢ 


b) 2-Wire half-duplex communication 


The 2-Wire half-duplex communication is a method which links two terminals in 
either direction, but only one direction at a time. Namely, when one terminal is transmit- 
ting, the other must operate in the neegiving mode. This limitation may be a drawback 
for certain applications. 


c) 2-Wire full-duplex communication 


The 2-Wire full-duplex communication is a method in which duplexers or the like 
are used to permit two distant termnals to work in both directions simultaneously 
through a 2-Wire line. This method is more economical compared with 2-Wire half 
duplex. 


The above three methods are schematically shown in Figure 1-2. 


3) MODEM types and modulation/demodulation methods 


Table 1-1 shows a classification of modems. 

The modems can also be classified by transmission speeds. Within 300 bps to 9600 bps, 
low-speed modems usually employ FSK (frequency shift keying) method, medium-speed 
modems PSK (phase shift keying), and high-speed modems QAM (phase quadrature ampli- 
tude modulation). 


The CCITT and BELL in the table stand for European and U.S. standards, respectively. 


What are FSK, PSK and OAM, then? 

Figure 1-3 shows the operating principles of FSK and PSK. In the FSK system, logic data 
signals ‘’1’’ and “O” are modulated with frequencies; for example, ‘’1’’ is modulated with 
a lower frequency (f|_), while ‘‘0’’ is modulated with a higher frequency (f}4). 


In the PSK system, the frequency is constant, and the modulation is carried out by 
assigning phase O° to say ‘'1’ and phase -180° to ‘0’. (Two-phase phase shift keying) 
The QAM system is a complex one in which PSK and AM are combined. By way of example, 
frequencies and phase angles assigned in FSK and PSK are shown in Table 1-2. 


When referring to the modem modulation systems, we must speak of two important 
terms. One is the modulation rate (baud rate) and the carrier frequency. In the FSK system, 
the transmission speed and modulation rate are equal. This is because carrier frequencies 
are in one to one correspondence to logic values *‘1”’ and “0”. | 


Where four phase angles are assigned to two data digits (that is, four 2-bit values) as 
in the 4-phase PSK system, the modulation rate becomes half of the transmission speed. 


In the 4-phase PSK system (1200 bps), for example, the modulation rate is 600 bauds. 
In the FSK system (300 bps), on the other hand, the modulation rate is 300 bauds. 


You remember that the 2-Wire full-duplex communication is subject to limitations in 
its implementation. This is because a group-wise communication system using the originate 
mode and answer mode as shown in Table 1-2 must be employed. In any modulation system, 
whether FSK or PSK, a number of harmonics are produced by modulation. 


In case of FSK, for example, if logic states ‘1’ and ’‘0’’ — these are called mark and 
space, respectively — are modulated in the originate mode specified in CCITT V.21, one is 
easily tempted to consider that 980 Hz and 1180 Hz alone appear. In actuality, however, 
there can appear many other frequency components, and their range is called the frequency 
band. The bandwidth of signal allowed to pass through a public telephone line is limited 
to a range of 0.3 kHz to 3.4 kHz. 
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This bandwidth is called the voice band. In the group-wise communication system, this 
voice band is divided into two bands: the lower frequency band which is assigned to the 
originate mode channel and the higher frequency band which is assigned to the answer 
mode channel. These two bands can be used independently each other. For each of these 
bands, a modulation rate and a carrier frequency are selected so that the resultant frequency 
components will be included in its frequency band. 


In the FSK system, the maximum allowable modulation rate is ordinarily 300 baud. 
Should it be set at 1200 baud, the frequencies developed will occupy too wide a band to 
be accommodated in the voice band. 


Namely, the 1200 baud FSK system cannot be realized in the full-duplex transmission 
form. 


All these are summed up in Figure 1-4. 

Full-duplex transmission cannot be made if bands are overlapped as shown in Figure 
1-4(b). As shown in Figure 1-4(c), the 1200-baud FSK system is allowed to have only 
one channel. 


As explained above, the 2-Wire full-duplex communication system is one in which the 
bi-directional data transmission between two terminals is carried out simultaneously by 
using channels assigned to transmission and reception previously. 


Figure 1-5 shows a typical group-wise full-duplex communication system, which is 
common to both FSK and PSK systems. In the QAM system, frequency components are 
spread over a wide range, and the group-wise full-duplex communication system cannot 
be used. At present, efforts are being made to implement the QAM full-duplex communi- 
cation system by the echo cancelling technique. 
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Figure 1-1 Typical Modem System 
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Figure 1-2 Modem Communication System 
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Figure 1-4 Division of Voice Frequency Band 
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Table 1-1 Transmission speeds and modulation systems 
(Voice-band modem according to CCITT Recommendations) 


; Similar 
Senay cain i eesiee, JEeleeliy 2c, ect 
Standard 
V 21 


Baud 
Rate 


Data Modula- 
Rate tion 





NO 
Lh 
o) 
io) 


1080+ 100Hz Asynchronous 
300 bps FSK |300 baud 1750+100Hz 300Hz (Full Duplex} 103 
4-phase 
qen0 PSK 





Synchronous/ 
peecee 1200Hz_ | Asynchronous V .22 212 
(Full Duplex) 
Fixed 
Asynchronous 
1200 FSK 1200 1700+400Hz 1200Hz (Half Duplex) MV .23 202 









4-phase 1200Hz V .26 
2400 1200 1800Hz (3dB down) 201 
8-phase 1600Hz Synchrouns 
4800 |  psk 1800HZ =| (34B down) | (Half Duplex) 208 
Eo Auto- 
tic 
16-phase 2400Hz ma 
9600 OAM 1700Hz (3dB down) V 29 209 


Note: In practice, the occupied bondwidth for 2400-9600 bps are as follows to improve the receiving 
performances. . 
2400 bps --- 2400Hz (100% Roll-off) 


4800 bps --- 2400Hz ( 50% Roll-off) 
9600 bps --- 2640Hz ( 10% Roll-off) 


Table 1-2 Correspondence of Digital Data to Analog Value 





FSK (300 bps) 4-phase PSK (1200 bps) 
MODE Transmit CCITT Bell Carrier Data bit Bell 
Data bit — V.21 103 Frequency pair MODES 1-4 212A 
2400Hz 
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2. MODEM DESIGN AND OPERATION 


1) Modem design 


Illustrated here is a modem designed with MSM6946. 
A block diagram of modem is shown in Figure 2-1. 
It is provided with an automatic answering function in addition to basic functions. The 
automatic answering function performs ringing signal detection, control logic operation, and 
dc loop current control. | 


Figure 2-2 shows an elementary circuit design using MSM6946, and Table 2-1 is a parts | 
list. 


U2 is a dual operational amplifier, and provides an interface circuit with the telephone 
line. 


U3 and U4 are level converters. They perform mutual conversions of the TTL level 
to and from the +12V level required for RS-232C. 


U5 is used to drive indicators showing four statuses (power ON, carrier detect, received — 
data, transmit data). | 


There are five switches in the circuit. SW1 is a power switch; SW2 is an originate (calling) 
mode/answer (called) mode selector switch; SW3 is used to turn the modem into a (remote) 
digital loopback mode, in which the transmit data (XD) and the request to send (RS1) 
are looped back to the received data (RD) and the clear to send (CS) respectively, and at 
the same time the serial data obtained by demodulating of the received FSK signal is input 
to the transmitter as a transmit data within the.chip, subjected to FSK modulation and sent: 
back to the telephone line; SW4 is used to switch the telephone line to either the telephone 
handset or the transformer for modem operation; and SW5 is used to enable the automatic 
answering mode. 


LED comes alight when both the established call connection and off-hook states are 
detected. 


U6 is a photo coupler used to detect a ringing signal, and protects the modem circuit 
from surge voltages which may appear in the telephone line. 


U7 is used for dc loop current control. 


U8 is a dual D type flip-flop; one half is used to latch the dc loop current control signal, 
and another half to latch the data for which the off-state of the received carrier is detected. 


U9 is a dual one-shot multivibrator, which is used to squelch the modem output for 
about 2 seconds (billing delay) necessary in the automatic answering and call connecting 
sequence and also to provide a sequence to turn off DSR (off-hook) and cut off the dc 
loop when the received carrier is not detected in about 10 seconds after connection of the 
modem to the telephone line. 


U10 is a quad two input AND gate used in the automatic answering contro! circuit. 


U11 is a dual one-shot multivibrators, one half is a 0.1-sec retriggerable one-shot that is 
part of the ring detect circuit, while the other half is a 0.1-sec one-shot that is used to 
clear the latch to disconnect the telephone line. 


Figure 2-2 shows a modem directly connected to a telephone line. Note that the illust- 
rated scheme is not approved by the authority for the purpose of test or development. 
A typical direct connection scheme (called DAA — direct access arrangement) is shown 
in Figure 2-3. 
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2) Modem operation 


In case of manual calling, the modem is placed in the originate and voice mode (telephone 
line connected to the telephone handset), and a call is made using the telephone handset. 


When an answer is detected (i.e. an answer mark tone is heard), the modem is placed in 
the data mode (the telephone line connected to the modem), and the indicator will light up 
showning that a carrier signal from the answering modem is received. 


In the automatic answering mode, the modem is required to follow the procedures before 
starting transmission and reception. The following shows a call establishment sequence. 
See Figure 2-4. 


(1) Acall is placed to remote modem. 

(2) Ringing is detected at answering end. 

(3) Answering modem enables DSR and goes off-hook upon completion of ringing. 
(4) Answering modem waits two seconds for billing delay. 


(5) Then, the transmitter is turned on, and an answer mode mark tone (2225 Hz) is sent 
forward toward the originating modem. 


(6) The mark answer tone is received by the originating modem and the originating 
modem is placed in a data mode where DSR is enabled. 


(7) At the originating modem, CD (carrier detect) is turned on after a carrier detect 
on-delay time. 


(8) Then, the originating modem releases the squelch for the transmitter, initiates the 
transmission of mark tone in the originate mode, and starts counting CS (clear to send) 
delay time. (Data transmit state is not yet achieved here). 


(9) Upon reception of the mark tone (1270 Hz) from the originating modem, the answer- 
ing modem turns on CD after a carrier detect on-delay time. 7 


(10) Then, CS is turned on, enabling the answering modem to start data communication. 
(11) The originating modem enters into a data communication state after a CS delay time. 


In the automatic answering mode, the call connection is aborted when no response is 
obtained within a specified time or when the received carrier is lost for more than a specified 
time. 


A power supply for the modem is easily available with an AC adaptor for stepping down 
100 Vac to 12 Vac. 
In Figure 2-2, three power supplies (+12V, -12V and +5V) are used. The -12V power supply 
is used for the level converter only, and can be dispensed with if the modem is to be con- 
nected to a computer via UART. 


One of the most important performances of the modem is the bit error rate, which 
represents the ratio of number of error bit to the total number of data bit. The bit error rate 
is measured using the test circuit illustrated in Figure 2-5 and the S/N ratio as a parameter 
defined at the receiver input. 


A transmit data'in a 511 bit pseudo-random bit pattern is applied to the transmitter to 
generate an FSK signal. The signal is added with noise from a white noise source via 
attenuators, and is connected to the received signal input terminal of the modem to be 
measured. 
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The noise level (N) is usually measured through a voice frequency band-pass filter (BPF) 
to determine an S/N ratio. , 


The bit error rate is determined by comparing transmitted data and received data with 
each other and by counting the error bit in the serial received data stream. 


An example of measured bit error rate characteristics is shown in Figure 2-6. 
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Table 2-1 Parts Table for Figure 2-2 
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RY 
MSM4049RS msmaosirs | CRYSTAL HC-43/U 
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* Refer to 3-(6) 


Figure 2-2 An Circuit Design Using Single-Chip Modem (with Automatic Answer) 
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Figure 2-4 Call Establishment Sequence with Automatic Answer 
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Figure 2-5 Modem Test Set 
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10° 
MSM6946RS 
S : -41dBm 
Test Set: Fig. 2-5 


o——o —-—- Ans. Mode 


——« —-- Orig. Mode 


10-4 


Bit Error Rate (N/N) 


107° 





S/N (dB) 


Figure 2-6 Measured Bit Error Rate Characteristics 
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APPENDIX 
<Standard interface, and the control of modems used for public switched network > 


Table 2-2 shows typical interface circuit for usual low speed asynchronous full-duplex 
modem. 
The clear-to-send signal is slightly different in meaning from modem to modem. In BELL 
103, this signal means that a carrier signal from a remote modem is received; namely, that 
the transmission channel is in good working order. It is used synonymous with CD (carrier 
detect). On the other hand, when a half-duplex modem like a 1200 bps FSK modem is used 
on a public switched network at which the full-duplex communication is capable, the 
clear-to-send signal serves just as a delayed signal of the request-to-send. 


In this case, the clear-to-send signal remains to be an indication that the data communi- 
cation is likely to be capable. When applying a modem on a public switched network, 
interface circuits — data terminal ready (DTR) and ringing indicator (R!) — are necessary. 


These two circuits plus carrier detect circuit (CD) are a minumum requisite to the control 
of public switched network by a modem. 


These functions will be well understood when compared with the operating sequence of 
a usual telephone. 


Usual telephone Low-speed asynchronous full-duplex modem 
Ringing ————— > (Rl) Ringing Indicator 

Going off-hook ———————=> (DTR) Data Terminal Ready ON 
Response by far-end <-> (CD) Received Carrier Detect ON 
calling party 


The data terminal ready (DTR) shows a state that the modem is powered on, connected 
to the data transmission line, and is not in the test mode, and that it is ready to operate. 


DTR is rarely used for asynchronous transmission in North America, but is used widely 
in Europe. 


® Except from “Technical Aspects of Data Communication’, written by John E. 
McNamara, the copyright is under Digital Equipment Corporation. 
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Interface Circuit 





Function oo. 
EIA CCIT 
AA 101 Protective Ground | | PG 
AB_ 102 Signal Ground |  §G 
BA 103 Transmitted Data TD 





BB 104 Received DATA RD 





CB Clear to Send CTS 
CC 107 Data Set Ready DSR 
108/1 Connect Data Set to Line 2s 
CD 7 DTR 
108/2 Data Terminal Ready 
CF | 109 Received Line Signal Detector CD 
Note 1: In the case of full-duplex modem used for public switched network, the request-to-send (RTS) | 


circuit is usually unnecessary. 


Note 2: Unless otherwise specified by the Post, Telephone and Telegraph Authority (PTT), the low 
speed asynchronous modem interface is enough with either CD or CTS circuit, whichever is 
available. 


Note 3: Unless otherwise specified by the PTT, the modem interface with the minimum equipped 
functions need not to be provided with DSR circuit. 


Table 2-2. Typical Interface Circuits for Low Speed Modem 
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3. HINTS AND PRECAUTIONS ON USE 


Unlike to general-purpose memories and logical gates, the single-chip modem LSI is hard 
to use. For example ... ! 


® Handling. of analog quantity over a wide range of signal levels. 
® Use of functions which defy standardization or common applications. 


® Full use of the technology for switched capacitor whose characteristics are highly 
susceptible to deterioration due to power noise. 


Accordingly, its use is accompanied by limitations and at the same time special 
know-how. 
These are explained hereunder, and additional information will be published in due course. 


Whenever designers look at an IC, most of them are too readily tempted to associate 
it with digital operations. As a result, they are liable to set its operating conditions in a rough 
manner. However, the LSI for this modem series has highly delicate functions which in the 
past have been implemented with discrete components or hybrid-ICs provided with adjust 
circuits or trimmers, and utmost attention should be paid to its using conditions so as to 
elicit its maximum performance. 


1) Pin connections for MSM6926/6946/6927 /6947 


The following shows the terminals with different functions. 


Pin 28 




















Device 
MSM6926 M 
6946 (Answer/Originate) TS1 TS2 
. (Timer Selection) (Timer Selection) 
6927 — 
ek SO 
(2-Wire/4-Wire) 






TS ATE 
6947 (Timer Selection) (Answer Tone) 


Table 3-1. Different Pin Functions for 4-kind of Modem LSls. 
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The operating conditions are assumed as follows. 
@ Use of internal timers. 
@ 2-Wire use (as in the public switched network) 


In this case, the differences in connection between the devices are as follows. 


6926/6946 VD 


f orici- 
NATE 


| ANSWER 
DG 


VD orDG - VDorDG 


VD or DG 3 VDor DG ) 


| ANSWER TONE 
DG SENDING 


Figure 3-1 The Differences in Connection between the Devices 





For other pins, the devices are used in the same manner. 
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2) MSM6926 and MSM6927 for 2-speed operation 
Figure 3-2 introduces a circuit employing a 6926 and a 6927 for 2-speed operation. 


“H": ORIGINATE MODE 
“L': ANSWER MODE (M6926) 
CRYSTAL 





av 
Ty 


a 
a 
al 


Ht 
=a oe 


D 
Oo 
i 


2) 
Oo 
a 





@) @ © 


“H’': 1200BPS 
“L':  300BPS 


Figure 3-2 
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3) Setting of the carrier detect level 


In an single-chip modem LSI, the receive carrier detect ON and OFF levels can be set 
within the range of -43 to -48 dBm by adjusting the ratio of the external resistors Rg and Rg. 





Figure 3-3 


After adjustment, the voltage between Pin 16 (CDR1) and Pin 18 (SG2) will be about 3V. 
Since the input signal level refers to LS! Pin 21 (AIN) of the LSI, it may have to be 
amplified when attenuated by a line transformer, etc. | 





: R, =Ry, = 6000 


Figure 3-4 





Figure 3-5 is a simplified drawing of Figure 3-4. 


IV-26 


* APPLICATION NOTE ¢ 





1/2 = -6 dB Typical Design Values 





Figure 3-5 


Accordingly, if the loss across the line transformer is 0 dB, the following equation applies; 


VR4 = VRi *GR*AR=VR;, 
VT4 =VT,°GT°* 1/2=VT, —6dB 


If the maximum received signal level is -6 dBm, the level at AIN terminal is -6 dBm. The 


transmit level will be 0 dBm because it is attenuated by 6 dB by R, and the transformer 
impedance Ry, (both 600 ohm). 


If the line transformer produces a loss of 2 dB in both directions, it is required to reduce 


Re (from the typical value of 51 kohm to about 30 kohm) to compensate the received level 
at AIN. 


Additionally in order to keep the transmit signal level at the typical value of O dBm, it is 
required to increase R; (from the typical value of 51 kohm to approx. 64 kohm). 
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Note: 
| R, 51 
20 log ——————— = 20 log ——--—__ ~ -4.0 dB = (-6) +2 dB 
| R,’ +R 30+ 51 208 
20 log = 20 log =2.0dB=(0)+2dB 


err 
——— 


4 


If Re is fixed at the typical value of 51 kohm, and if the line transformer causes a 2 dB 
loss, the received signal level of -6 to -48 dBm is shifted by 2 dB to -8 to -50 dBm at AIN — 
terminal. It is therefore only required to lower the carrier detection level (by increasing 
Rg from the typical value of 33 kohm to 51 kohm) by 2 dB. 


In this case, the maximum received signal level at AIN is -8 dBm, and the carrier detect 
ON/OFF level is within the range of -45 to -50 dBm. This method, however is not recom- 
mendable because the S/N ratio will be slightly deteriorated. Anyway, operation is possible, 
although hysteresis width, etc. cannot be warranted. It should also be noted that the carrier 
detect ON delay time becomes longer and the OFF delay time shorter. 
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4) Transmission and reception timing 


The operation timing is shown below. 


] 
TRCON | TRCOFF 
-#—_——=| ~-| 7 
| 
NOTE1 | NOTE2 
0 WLLL 
l 
|. sa 4 


NOTE6 


Figure 3-6 Timing Waveform Chart 
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Note 1: 


Note 2: 


Note 3: 


Note 4: 


Note 5: 


Note 6: 


Note 7: 


IV-30 


From the time when RS1 has become “L"’, a modulated waveform is generated at 
AO in accordance with “H" or “L” at XD. 


Even when RS1 has attained “‘H”, the modulated waveform maintains at AO. 
during the soft turn-off period (TST) in accordance with ‘’H’”’ or “L’” at XD, 
while its amplitude gradually attenuates. 


CD1 is the terminal where the carrier detect signal is output without logical delay. 


The ON and OFF delay times at CD1 change depending on the received signal 
level (AIN) and the differential voltage of the comparator in the detection circuit 
(VR =CDR1 terminal voltage — SG2 terminal voltage), etc. This is the reason for 
which the response characteristics of analog reception filter, limiter and carrier 
detector are significant factors. Typical characteristics are shown in Figure 3-7 
through 3-10. 


CD2 is the terminal where the output carrier detect signal is logically delayed by 
the internal delay circuit. The delay time provided by the internal delay circuit 
depends on the clock frequency, and is stable. Typical delay times are shown in 
Table 3-3. 


TCDON and TCDOFF values are indicated in Figure 3-7 through 3-10 and 
Table 3-3. 


When CD2 is “H’’, RD is hold at “‘H” level (Mark hold). 


When the input level decreases after CD1 goes ‘’H’’ and the carrier detect circuit 
turned off, the demodulator will stop its operation. 


During the period from the suspension of demodulation to the point of time when 
CD2 becomes ‘‘H”, the RD output becomes “H” in case of MSM6926, 6927 and 
6947, and ‘’L” in case of MSM6946 respectively. 


MSM6927 and MSM6947 has a built-in receive squelch delay timer, which is 
enabled by setting SO terminal to “L’’. (It is used for the 2-Wire communication). 


During transmission in the half-duplex mode (RS1 = “’L’’), RD and CD2 are fixed at 
“H’’ and even after RS1 changes to “H”, RD and CD2 are kept at “H” during the 
squelch time (TSQ) to avoid data errors in the demodulated data stream due to 
transient response at the time of sudden cut-off transmit signal. Table 3-4 shows 
the actual measurements. 





MSM6926 
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MSM6927 








TrRc ON 








External External 


Table 3-2. RS/CS Timing Measurement by Devices (RS1— CS) 


MSM6926 





External External 


MSM6946 







CD2/ON CD2/OFF 








102 ms 


8 ms 





External External 


Table 3-3. CD Timing Measurements by Devices (CD1 — CD2) 


MSM6927 










180 ms 


7.5 ms 5.2 ms 
7.5 ms 5.2 ms 
External External 





External External 


MSM6947 
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Measuring Circuit 





Va = 12.0V 
Vp = 5.0V 
f  =Q980Hz 


TCD1 ON, TCD1 OFF (ms) 





VAIN (dBm) 


Figure 3-7 MSM6926 CD1 Delay Time Characteristics 
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VA = 12.0V 
Vp = 5.0V 
f 1070Hz 


w 
£ 
LL 
LL 
O 
fa 
O 
- 
Z 
©) 
Ia 
O 
a 


TCD1 OFF 


VAIN (dBm) 


Figure 3-8 MSM6946 CD1 Delay Time Characteristics 
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TCD1 ON, TCD1 ‘OFF (ms) 


TCD1 ON, TCD1 OFF (ms) 








VAIN (dBm) 


Figure 3-9 MSM6927 CDi Delay Time Characteristics 


Va =12.0V —_ 
A TCD1 ON 
Vp = 5.0V 


f = 1200Hz 


VAIN (dBm) 


Figure 3-10 MSM6947 CD1 Delay Time Characteristics 
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5) A simple configuration example of external timer 


The external timers shown in the data sheet have many gates. For a simple configuration 
of a timer circuit, refer to Figures 3-11 and 3-12. When using MSM6926, 6946 or 6927, 
apply an “‘H” level to TS1 (Pin 27) and TS2 (Pin 28). When using MSM6947, apply an “H”’ 
level to TS (Pin 27). In this mode, external timer circuits can be added. 


a) 300BPS (MSM6926/6946) 












R A 
<< po —>0 


R, TC, 







Figure 3-11 







b) 1200PBS (MSM6927/6947) — 2-Wire circuit 


Note: Same as (a) in case of 4-Wire circuit 


Figure 3-12 
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c) MSM6926/6946 Timing Chart 
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NO 
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NOTE 1: 


NOTE 2: 





_ _ RS2 input 
threshold voltage 


AJA ASASASAE 


Tp, Tp, 
_ 7. GATE input 
~ threshold voltage 


Tp 


4 


[tcp on| TCD OFF 


Transmission and reception are perfectly independent from each other. 
TRC ON &~R, °C, , depends also on RS2 input threshold voltage. 


TRC OFF ~ 0 


Tp Tp,: depend on the transient response of analog circuits such as reception 


1 ; ; 
filter, especially on the received signal level. 


Tp, «R,°C,, Tp, ~ R3°C,, both depend on the threshold voltage at Gate1 
input. | 


Top ON= Tp, + Tp;.TcD OFF =Tp, + Tp, 


- Figure 3-13 


¢ APPLICATION NOTE ¢ 


d) MSM6927/6947 Timing Chart (2-Wire facilities) 


RS2 input 
threshold voltage 





AIN 
CD1 
threshold 
voltage 


nm GATE 1 input 


GATE2 input 


QO 
No 





{ 
TCD ON1 | ae OFF] |TcD ON2 mR OFF qr 


NOTE: TRC ON «<R, °C,, depends on RS2 input threshold voltage. 


TRC OFF -9 


Tp,, Tp,, depend on the transient response of analog circuits such as reception 
filter, especially on the received signal level. 


Tp, «R,°C,, Tp, «R3°C,, both depend on GATE1 input threshold voltage. 
Tsq = R, - C,, depends on GATE2 input threshoid voltage. 
TCD ON, =Tp, +Tp;, TCD OFF =Tp, +Tp,- 


Figure 3-14 
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6) Circuit to prevent latch-up due to power supply noise 


The LSls for single chip modem series have a high immunity against latch-up, but are 
vulnerable against severe noise in the power supply. 


Add a diode as illustrated in Figure 3-15. 
For best protection, provide a zener diode (~ 15V) and a choke coil. 


There is no restriction in whether to apply the 12V source or 5V source first. 


VA 





Figure 3-15 
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7) How to apply clock pulses 


a) Clock circuit when two one-chip modems are used 


Chip A Chip B 





Figure 3-16 


b) How to use an external clock circuit 


— 
- 


Vp-p >3.0V 


Figure 3-17 
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8) Line equalization circuit for 1200 bps FSK modem 


Line Interface 
(receiving side) 


Absolute Gain 
at 1.5 kHz 
= +9. 8dB 


#(K Hz) 


Figure 3-19 Frequency Characteristics of Line Equalization Circuit 





The line equalization circuit shown in Figure 3-18 has a gain of +9.8 dB at 1.5 kHz. The 
input level at AIN terminal is adjusted by varying Re and R7, which have a typical value of 
51 kohms. Re is set at 91 kohms, and R7 at 15 kohms respectively. (R7/Re + R-+)= 1/7) 


This line equalization circuit can also be used on the transmitting side, but its frequency 
characteristics should be selected case by case. | 
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9) Circuit interfacing using a variable analog attenuator 


a) In case of hybrid transformer. 


Transmit Level Adjustment 


(51K) 


2:1 
(6002+6002) : 6002 


Receive Level Adjustment 


NOTE 1: AIN signal level should not exceed -6dBm. 
NOTE 2: The value of resistors and capacitors are reconimended values. 


Figure 3-20 Circuit Using an Attenuator (No. 1) | 





b) In case of a line transformer plus hybrid circuit consisting of resistors and OP amps. 


Transmit Level Adjustment 
(1.2K) 


600 = | PHONE 
0.047u 


LINE 


he 


=< 6002 : 6009 
Receive Level Adjustment 


Figure 3-21 Circuit Using an Attenuator (No. 2) 
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c) 1200 bps 2-Wire half-duplex communication 


In this case, transmission and reception are not carried out simultaneously, the circuit 
becomes simpler than that compared with a) and b), 


(51K) 





Figure 3-22 Circuit Using an Attenuator (No, 3) 


In 2-Wire operation, SO (Pin 22) is set to digital “L’’. 
Under this condition, when sending the transmission carrier (RS1 = digital ‘’0’’), the carrier 
detection is disabled and the received data is held in the ‘’‘mark” state, independent of 
the signal entering AIN (received analog signal input). 


Reference 


In the half-duplex oepration, the preceding hybrid circuit is unnecessary. The circuit 
using a variable analog attenuator has been shown in Figure 3-22, and a circuit without an 
attenuator is shown in Figure 3-23. 


(51K) 


51K ‘4 
AO (25) a 6002 2.2uUF 
0.047 | : 
SG1 (20) MF 


1:1 
2 : 6002 


wr | VA 
AIN (21) <i 51K 600 
AG (19 E> 0.047 uF 


(51K) 





Figure 3-23 Line Interface Circuit for Half-duplex Operation 
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10) Deterioration of characteristics due to power supply noise 


If both power supplies and particularly the VA supply contain noise, degraded charac- 
teristics are as follows. 


1 Narrowing in the range of received signal levels 
2 Narrowing of the hysteresis width of the carrier detect level 
3 Increased bit error rate 


There are two major reasons for these phenomena. 


a) The internal signal ground is provided as a VA/2 potential. 

Accordingly, half of the noise amplitude VN, superimposed on VA, appears on the signal 
ground, and IC internal analog signal processing is carried out with reference to SG1 (Pin 20) 
containing this VN/2 noise. 


Both the transmit and received signals are connected to the telephone line via a trans- 
former. Usually, the transformer operates with reference to OV, which is euqal to the 
potential of AG. Please refer to the circuit in figure 3-24. 


TRANSMITTER 


RECEIVER 


Figure 3-24 Equivalent Model Showing Noise, 
VN in the Power Supply 


b) Deterioration of characteristics due to crosstalk noise voltage from VA into the opera- 
tional amplifier output, etc. via the power line of the operational amplifier and capacitor 
switches on the chip. 


The problems do not only result in increase in noise level, but also the noise level in the 
voice band may be increased significantly because of the aliasing effect inherent in the 
switched capacitor method that plays a key role in the modem chip. The degree of deteriora- 
tion in characteristics due to the combined appearance of noise and aliasing effect depends 
on the noise frequency, as demonstrated by the frequency characteristics in Figure 3-25 
measured on MSM6926. In Figure 3-25, a sinusoidal noise voltage was superimposed on VA, 
and its levels (Vp-p) at which erroneous operations came up were measured and plotted. 
At around 1.5 to 2 kHz deterioration occurred, because that noise frequency band interfaces 
with the received carrier frequency band. The modem chip uses 56 kHz as a sampling clock 
signal for the switched capacitor filter, and it is found that the aliasing effect makes it liable 
for the erroneous operations caused with respect to the superimposed signals represented 
by nearly all multiples of the clock frequency. 
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It is therefore necessary to minimize VA noise through a bypass capacitor, etc. Noise 
superimposed on the digital circuit power supply, Vp (+5V), does not lead directly to this 
kind of deterioration. In the modem chip, however, analog and digital circuits are resident 
together, and noise on Vp may enter into the analog circuit via the reverse bias junction. 


Accordingly, it is also important to reduce the noise level at Vp. 
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11) Tone dialer connection circuit 


Connect the tone dialer MK5089 (Mostek), MSM6234 (OK1), etc. as illustrated in Figure 
3-26. . 


TONE DIALER 


+5V 





Line Transformer 


Rc 
\ Dual Tone Level = yi 


R 
Tur ie 
ae na Rc 
MODEM FSK Carrier =-VM* = 
Level Rp 


Figure 3-26 Tone Dialer Connection Circuit 





The operational amplifier operates with SG1 potential (approx. +6V) as a signal ground, 
therefore requires an AC coupling. If our-of-voice band noise in the tone dialer output is so 
serious as to require its elimination, a circuit as illustrated in Figure 3-27 works effectively. 


CT must be selected to obtain a proper time constant. 





Dual Tone Level 





Rc 


= VT (Ra, +Ra,) 


Figure 3-27 Circuit for Eliminating Noise Outside 
of Dual Tone Band 
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12) Considerations for duplexer (Line Hybrid Circuit) 


In case of full-duplex systems, a duplexer plays a important role. Its purpose is to help 
reject transmit signal energy from the receive signal. 


Theoretically, a duplexer can be adjusted to achieve infinite rejection (no existence of 
cross-talk) — where the phase and amplitude of the inverting and non-inverting signals cancel 
through the duplexer OP-Amps. In practice, however, telephone line impedances vary enough 
such that only about 10 ~ 15 dB of rejection can be expected. To attain this rejection, it 
is recommended that the duplexer components (R;, R2, R3 and C, in Figure 3-28) be tuned 
for the impedance and loss characteristics of the particular type of transformer being used. 
This will minimize the impedance variation of the line. 


Once these component values have been determined for a particular transformer type, 
further trimming is usally unnecessary on a board-to-board basis. A recommended procedure 
for balancing the duplexer which was used in finding the values in Figure 3-28, is as follows. 


a) A recommended procedure for balancing the duplexer 


1) First, put the RS1 input to VD (transmit squech). Next, connect a 600 ohm signal 
source to points A and B (in case of MSM6926, 0 dBm and 980 Hz.) Tune R, 
until the loss at point A and B is exactly 6 dB. This allows maximum power transfer 
through the transformer. 


(2) With R, at this new value, replace the signal source with a 600 ohm resistor at point 
A and B. Now output the transmit signal from Ag (Vo) via OPA1 at the same 
frequency. 


3) Now tune R; until the signal out of Ag reaches a minimum at OPA2 output terminal 
(V,). Then tune C, until a new, lower minimum is reached which should be around 
30 dB. 


The phase and amplitude of the two signa! components have now been matched for 
the best rejection over the spread of telephone lines. 


A crosstalk characteristic of the duplexer adjusted in steps (1) through @) is shown 
in Figure 3-29. It was obtained by measuring the Vy-to-V, transfer characteristic with the 
modem chip and the duplexer disconnected from each other. 


The duplexer has the attenuation pole at about 1420 Hz when a line impedance is ideal 
600 ohm. 


b) Characteristics on a practical line 


Figure 3-29 also shows the practical characteristics of the duplexer connected to existing 
telephone lines. : 


These are represented by V,-to-V, transfer characteristics; it should be noticed that the 
receive signal level at AIN terminal (V3) will be lower than V, by about 6 dB typically 
because of the existence of Re and R-. 


[V-47 


@ APPLICATION NOTE 






Figure 3-28 Deplexer (Line Hybrid Circuit) Considerations 


frequency (Hz) 






























































(1) Terminal by 600Q pure resistor 


(Il) Connected to a private phone line 


(Itl) Connected to a public switched network 


Figure 3-29 Experimental Cross-Talk Characteristics 
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c) Allowable crosstalk level 


We investigated how the receiver characteristics would be affected by crosstalk. The 
measuring circuit used is shown in Figure 3-30, and the characteristics obtained are shown in 
Figures 3-31 and 32. For example, if MSM6946 (Bell 103) is to operate in originate mode 
(M = 1) with a bit error-rate (BER) of 107 or less for a receive signal level of -43 dBm or 
greater, these figures argue that the crosstalk level should be held down below -3 dBm. 


Next, it should be noticed that not only the AC signal crosstalk, but also the DC voltage 
on AIN terminal deteriorate the performance, because the DC voltage makes the receiver’s 
dynamic range to be narrow, 


This is the reason for which capacitor Cg shown in Figure 3-28 is necessary. Capacitor 
Co prevents the DC offset voltage on Ag from being conveyed to AIN terminal. 


+5V OV +5V OV 


© O —O O 


Pseudo- M 
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Figure 3-30 Test Set Examining the Influence of Cross-Talk 
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Figure 3-31 Deterioration of Bit Error Rate by Cross-Talk 
(MSM6926) 
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Figure 3-32 Deterioration of Bit Error Rate by Cross-Talk (MSM6946) 
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d) Consideration 


(1) With reference to the circuit shown in Figure 3-28, if no transformer loss is present, 
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the receive signal will be amplified twice (+6 dB) at the output of OPA2. Accor- 
dingly, it is reduced to a half (-6 dB) through R~¢ and R-, before input to AIN 
terminal. Assuming that the Vo-to-V, transfer ratio is -8 dB (See Figure 3-29), 
the crosstalk level at AIN terminal is calculated as follows, because Vo is +6 dBm. 


+6 dBm*! - 8 dB*? - 6dB*> = -8 dBm** 


*l- transmit level at Ag terminal, Vo 
*2> Vo-to-V, transfer ratio 
*3. attenuation by Rg and R, 


: crosstalk signal level at AIN terminal 


According to Figure 3-32, it can be seen that the cross-talk of -8 dBm is not a 
problem for the system performance. 


In case a series resistance or other detrimental impedance in the telephone line 
causes a signal transmission loss through the transformer, the performance will 
be degraded as compared with the case discussed in (1) above. 


For example, if a both-way transmission loss is 4 dB and V g-to-V, transfer ratio 
remains to be -8 dB, the crosstalk level at AIN terminal is calculated as follows. 


(+6 dBm + 4 dB*!) -8dB - 6dB +4 dB*? =OdBm 
*l. compensation for loss through transformer in the transmit direction (an 
additional gain of 4 dB to be given to OPA1) 


*2. compensation for loss through transformer in the receive direction (loss 


through the R,-R7 attenuator to be reduced by 4 dB) 


When MSM6946 (Bell 103) is operated in the high-frequency channel receiving mode 
(M = 1), Figure 3-32 tells that if the crosstalk level is O dBm, the bit error rate will - 
run in excess of 10~* unless the receive signal level is greater than -33 dBm. 


The greater the ratio of the transmit signal level to the maximum receive signal level 


is, the more will be aggravated the degradation of the system performance due to 


crosstalk. 
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4. CHECK POINTS FOR TROUBLE SHOOTINGS 


1) Basic Examinations 

@ V pin 15, V pin 19 = O volt 

@ V pin 24 = 412 V £10% 

@ Are there any noise on pin 24? If the noise is not negligible; modem performances are 
easy to be deteriorated. 

@ Vpin26=+5 V +5% 

@ V pin 20= 1/2: (V pin 24) 

The load resistance connected to pin 20 must be more than 50 Kohms and any other 

voltage potentials must not input to this pin. | 

V pin 18 = V pin 20+ 0.7 

V pin 16 = V pin 18 + 3.0 

VDC (pin 21) = V pin 20 

Any external components should not be connected to pin 1 and pin 2 except a 3.58 MHz 

crystal resonator. 

Pin 3 outputs a pulse train of which frequency is about 874 Hz. 

Pin 13 should be connected to pin 14. 

Pin 23 should be connected to digital ‘’0”’ level. 

The analog transmit signal on pin 25 swings keeping its DC potential at about half of 

VA (pin 24). 

The load resistance connected to pin 25 must be more than 50 Kohms. 

® The furn-out number of digital output pins are less than two. 


NOTE) Checks should be performed with direct touching to pins. 


2) Checks for Signal Transmiting 


2-1. Common checks 

® Pin 4 and Pin 7 should be connected to digital “‘O” level. 
@ Pin 6 outputs digital ‘0’ level. 

@ Transmit data is input to the chip through pin 9 (XD). 


2-2. MSM6926 and MSM6946 
@ Operating mode is determined using pin 22-originate or answer r.iode. 
® Pin 27 and Pin 28 should be connected to digital ‘’0”’ level. 


2-3. MSM6927 
@ Pin 27 and Pin 28 should be connected to digital ‘‘O”’ level. 


2-4. MSM6947 
@ Pin 27 should be connected to digital ‘‘O’’ level. 
@ Pin 28 should be connected to digital ‘’1”’ level. 


Signal transmiting ought to be performed after checks shown above if the chip is not out 
of order. 


3) Checks for Signal Receiving 


3-1. Common checks 

Pin 4 and Pin 27 should be connected to digital ‘70’ level. 

The receive signal level should be within -6 and -43 dBm at the point of Pin 21 (AIN). 
Pin 11 and Pin 12 output the digital “0” state during the chip operates as a receiver. 
Pin 10, Pin 13 and Pin 14 show the same digital output data. 


IV-53 


@ APPLICATION NOTE ¢ 


3-2. MSM6926 and MSM6946 
® Confirm the carrier frequencies transmited through Pin 25 according to the operating 
modes. 7 


3-3. MSM6927 and MSM6947 

@ Pin 7 should be connected to digital ‘’1’’ level. 

@ Pin 22 should be connected to digital ‘0’ level. 

-@ Pin 22 (SQ) is connected to digital ‘1"’ level when the operation on 4-wire facilities or 
the self test is required. | 


Signal receiving ought to be performed after checks shown above if the chip is not out 
of order. 
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